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Compressed Air 
at work in 
Vauxhall’s Luton 
extension 


mee 


SEVEN ATLAS COPCO ARO COMPRESSORS are in use at Vauxhall 
Motors’ Luton factory — recently enlarged and modernised as part 
of a £36,000,000 expansion plan. These compressors supply air 
to the body fabrication shops, press shops and other departments, 
providing power for clutch movements; resetting presses ; mechan- 
ical handling; loading; welding: and mixing and spraying paint. 
In addition air is supplied for a number of pneumatic tools such 


as wrenches, grinders, drills aud hoists 


LCONOMIC INSTALLATION 

The ARY compressors were installed ata cost below that estimated 
for other compressors of the same capacity. The reason being that 
the ARY occupies 25°, less floor space than is normally required 


with consequent economies in Compressor house costs 


HIGH OLTPUT 
The Atlas Copco ARY combines thorough reliability of perform- 
ance with unusually high output per horsepower consumed. The 


installation at Vauxhall's has a total output of 22,540 ¢.f.m 


A COMPLETE RANGE OF COMPRESSED AIR EQUIPMENT 


compressers, rock-drilling equipment, 


Atlas ¢ opeo manufactures portable and stationary 


loaders, pneumatic tools and paint-spraying equi 


nn 
al 


W« 


t. Sold and serviced by companies or 


agents in ninety countries throughout the world 


Mtlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Atlas Copco AB, Stockholm 1, Sweden 


Contact vour local company or agent or write t 


or Atlas Copco, (Great Britain) Limited, Maylands Avenue, Hemel Hempstead, Herts 


Aut 
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HOLSET 
NON-BONDED 
RUBBER 
CRANKSHAFT 
DAMPERS 





A combined torsional vibration 
damper and pulley offers a unit ready balanced 
and assembled for immediate 
fitting to the engine crankshaft 


THE 
Turnbridge - Hudderstield 
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MECHANICAL 
HANDLING 
EXHIBITION 


EARLS COURT 
3-13 MAY 


If 
there were a Holroyd motto, it 
would be ‘do it ourselves’. Almost 100 years’ 
experience in machine tool and gear production has en- 
abled us to build up a sound technique for the production of 
worm gears. Nearly all the operations of manufacture and inspection 
—not only of worm gears but of gear cases too—are carried out by 
methods of our own devising. (We say ‘nearly’ all, because if we do come 
across a new machine or process we think might help us, we certainly don’t 
hesitate to snap it up!) Another thing: we don’t believe in making things in 
dribs and drabs, so there’s always a fine stock of standard worm gears and gear 
units in the factory, which helps us to keep prices low and delivery quick. But 
worm gears and worm gear boxes aren’t the only things we make. We also do a 
lively business in spur, helical, and bevel gears; special machine tools; helical 
rotors for compressors, meters, and pumps; rotor manufacturing equipment; 
rotor timing gears; and Holfos centrifugal castings and bushes. Holfos 
Phosphor Bronze, by the way, is a material of our own development and 
we use it, centrifugally cast, for all our gear wheels. It will take any 
amount of wear and has a very low coefficient of friction. These are 
undoubtedly the reasons why a Holroyd worm gear set up the 
World Record (on the Daimler-Lanchester Worm Gear 
Dynamometer) at the National Physical Labora- 
tory in 1931. That record is still 
unbeaten! 


HOLROYD 
first for 


worm gears 
and gearboxes 


CRC BI 
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The infinite variety of our precision work is well typified by the 


two Fan Rotors shown here, by courtesy of A. K. Fans Limited, 

: ‘ EER ae, 

and Weatherfoil Heating Systems Limited, for whom they were made _ A m 
at 


to very exacting specifications 
ti oa Caste 


METROPOLITAN PLASTICS LTD Specialists in Thermo-setting Plastics 


GLENVILLE GROVI DEPTFORD - LONDON SE8 - Telephone: Ti1Deway 1172 
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This label wi 
tell your customer 


This label is part of what will be a nation-wide scheme, to guide every user of 
plated products. It means that the plating is carried out to meet the thickness 
requirements of the new British Standard 1224:59. Because the nickel provides 
most of the resistance to corrosion, the standard requires minimum thickness of 


the metal for various conditions of service. The labels are coloured Green, Blue 
and Red, to indicate the three gradings of the British Standard. 


if you are a manufacturer 


It will pay you to display the label of plating quality on 
your goods. Send for a copy of our booklet “Confidence in 
Plating’’ which describes the scheme in detail and explains 
how you can join. The use of these labels on good quality 
plate will add extra confidence in the quality of your products. 


THE MOND NICKEL COMPANY LIMITED 
> THAMES HOUSE - MILLBANK~ LONDON SW1 


* 


KHHKR KH HRHRHR HR HH KH 


Please send us your booklet ‘CONFIDENCE IN PLATING’ 
with detatls of how we can join the scheme. 


NAME 


ADDRESS 
COMPANY AND POSITION 


* Ke KX Ke KK KK KK K K 
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brakes, praised 
all who have used them 
—fitted by Britain’s 
biggest car producers. 
Vacuum booster and 
limiting valve available 


vE PRODUCTS GROUP 

















The artist’s impression shows one of the many 
testing machines used in the evolution and testing 
of Borg & Beck clutches. 


The operator is checking torque capacity—the 
clutch is mounted on a flywheel; this is revved 
up to a certain speed and the Lockheed brake 
(left) is applied, and the torque at which the 
clutch actually slips is recorded. 


‘Coefficient’ stability of clutch facings is also 
tested on this machine. 


Other machines, some operating at up to 7000 
clutch engagements a day, test clutch facings for 
coefficient of friction, wear and other 
characteristics. 


It is this constant research which maintains the 
progress and quality of Borg and Beck clutches. 


BORG & BECK COMPANY LTD 
LEAMINGTON SPA, WARWICKSHIRE 


ENGLAND 

AN es ONE OF THE 
. AUTOMOTIVE 
PRODUCTS GROUP 


i 


Regd. Trade Mark: BORG & BECK 
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You'll find Bury Felt everywhere—as 









washers, seals and gaskets, polishing bobs, 
anti-vibration bases and buffing rollers. 
These are only a few of its hundred and one 
uses. You will think of many more. 
For Bury Felt is what you make of it; 

it can be chiselled, punched, 
machined or die-cut to suit 
your needs and is available 


in many types and textures. 


Versatile stuffs - 
Wh 


Send your enquiries to 

BURY FELT MANUFACTURING COMPANY LIMITED, 
P.0. BOX 14, HUDCAR MILLS, BURY, LANCASHIRE 
Phone: BURY 2262 (6 lines) 

London Offices: 3 Snow Hill, ECI. 

Phone: CENtral 4448 





Also manufacturers of 
‘FOAMBURY' Plastic Foam products 
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Electrical Aids in Industry 


When an electrically non-conducting materia 
placed between two metal plates, called electrod 
connected to an A.C. supply, the alternating 
consider- 


Od, 


electrostatic field between the electrodes 
ably speeds up the molecu- 


lar movements in the ma- 








terial (termed a ‘dielectric’ 
as a result of which the 
temperature of the material 
under treatment rises. A 


similar effect is produced 

















where the two electrodes are 
same side of the dielectric; 
electrostatic field between them is 
as a ‘stray’ or ‘fringe’ field 
For industrial 

cation, the applied 

of the order of 15, 
supplied by an elec 


generator alternates 








quencies of some m 


of cycles per second 


The amount of heat 
determined by the frequency, 
applied voltage, the dimension 
physical property of tl 
factor” and is represented 


ic 


Power 1.41 I 


Where E applied 
h loss factor 


A area of the dielectr 
thickness of the d 


F, the loss factor, is itself e jual to the expres 
K Cos O in which 

K the dielectric constant, a measure of 
property of the material to retain energy ari 


‘ 


from disturbance of its molecular structure 


Cos O the dielectric por 
that is the ratio of 

product (in vol 
current. This is a characteri 


material. 


Therefore, “‘loss factor” is a 
material and a measure of the ease with whi 
be heated by this method. Like 
pertics, it varies considerably 
stances. The equation shows thi 
in a dielectric 1s proportional t 
the rate of rise of temperature will 
its specific heat and density I 
gives approximate values of the 


powver factor and loss factor 
diclectric materials for frequenci 


cvcles a second 
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Data Sheet NO. 10 


means that materials 
vhen completely dry will 
moisture 1 present 
wards the end of the 

he final moisture 

or as the material 
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ARCHDALE 


HYDRAULIC MULTIPLE 
cuts costs on ‘JAGUAR’ connecting rods 


At Jaguar Cars Ltd., Coventry, this Size 2 
ARCHDALE hydraulic feed multi-drill is fully meeting 
the demands of expanding production schedules. 
Using a four-station indexing table, with one loading 
and three working positions, connecting rods are 


produced at fast rates. Small ends are drilled and 


reamed, and the large ends are core ~~ 

drilled and bored. Smal! end bore is E < 

$2 in. dia., and large end 2.200 in. ‘Ne Le 
New} : 


64 


If your problem calls for standard or 
special multi-drilling ARCHDALE have (iibnwhibes, 





: . EXHIBITION 

the answer. Ask for production esti- LONDON 1960 
OLYMPIA 

mates. JUNE 25-jULY8 


JAMES ARCHDALE & CO. LTD. arene 

R fice: LEDSAM ST. BIRMINGHAM 16 Phone EDGbaston 22 

Works BLACKPOLE WORKS, WORCESTER. Phone r 

A Member of the Staveley Coal & lron Co. Limited f 
e Agents. ALFRED HERBERT LTD. COVENTRY. Telephone N Coventry 89221 
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Beetle Polyester D.M.C., the new fast-curing 
moulding compound, is especially suitable 
for moulding electrical components. It has 
excellent anti-track and electrical insulation 
properties, high mechanical strength; dimen- 
sional stability above normal for thermo- 
setting materials; good heat resistance. 
A.E.1. Plastics (Aldridge) Ltd. use Beetle 
D.M.C. for moulding several types of electri- 
distribution gear, using conventional 





cal 


compression and transfer presses. Write for 
technical leaflets 


y 


BEETLE dough moulding compound 


B.1.P. CHEMICALS LIMITED : OLOBURY : BIRMINGHAM «: Phone: Broadwell 2061 GP) 


Phone: Trafaigar 3121 


London Office: Haymarket House, 28 Haymarket, S.W.1 
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OZONE ATTACK 


WITH DU PONT ELASTOMERS Ozone is present in the 


atmosphere, generated from Oxygen in the air by ultraviolet light (from sunlight). When natural rubber is 





stressed, as in car components, ozone attacks, forming a myriad of small cracks in the surface of the rubber. 


DU PONT NEOPRENE has outstanding resistance to ozone cracking. Du Pont neoprene has proved under 
test, and on the job, that it is vastly superior to natural rubber—and to “‘general purpose" synthetics. Neoprene 
resists oil and grease in the chassis . . . high temperatures under the bonnet . . . oxidization and aging of 
exposed parts and accessories. Properly compounded neoprene products meet most service needs at 
temperatures ranging from —54 C to as high as 121 C. Compounds can be made soft or hard and in sponge form. 
HYPALON* synthetic rubber has even greater heat and ozone resistance and is known for its remarkable colour 
stability, permitting use of bright colours for weather stripping and convertible tops. Hypalon doesn't become 


brittle in cold weather nor will it crack under heat or summer sun. 


*HYPALON 1S DU PONT'S REGISTERED TRADEMARK FOR ONE OF ITS ELASTOMERS 
DISTRIBUTORS: DU PONT COMPANY (UNITED KINGDOM) LTD., 76 JERMYN STREET, LONDON, S.W.1 


NEOPRENE-HYPALON* 


sic ttidnacet ria BETTER THINGS FOR BETTER LIVING THROUGH CHEMISTRY 


(21 765 01) 
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Interchangeable, on the same 
mounting, with the standard 


Marles manual gear unit. 


MARLES 
type 4 





power- 


steering 
gear 


This latest type 4 unit embodies the wide experience of 
Marles in power-steering, and consists of a 2-valve box 
mounted on the top of the standard Marles 861 manual 
gear unit. 
The type 4 Universal unit shown above, the type 3 Universal unit 
and the standard manual unit are all interchangeable on the same 
mountings. 
Further particulars will be sent on request. 


ADAMANT ENGINEERING CO. LTD., 
THE AERODROME, WOODLEY, Near READING. 
Sole proprietors of the Marles Steering Company Lid. 


Telephone: Sonning 2 Telegrams: Adamant Reading 
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IF IT’S 
PROBLEM 


THERE’S 
NO 
PROBLEM 





pA has many meanings. One of the most mysterious things 
it symbolises is frietion. No-one knows exactly what friction 
is; but you know some of the problems and possibilities it 
presents. 
Ferodo is well equipped to find answers to the problems, and 
ways of exploiting the possibilities. 
Think of our background: it includes every aspect of 
friction and friction materials for brakes and clutches. We 
manufacture every established type of friction material, 
from the most conventional to sintered metals and 
cermets. 
Better still, we devote an unusually large proportion of 
effort, equipment and money to our research laboratories— 
incomparably the finest of their kind in the world. 
And all these production and research resources can be put 
to work for you. 
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FOR EXAMPLE... 


Automatic Transmissions con 
depend on a multiplicity of d 
ontrol systems, 
: with 

ics. So far, these d 
met by Ferodo ma 
another. But perhaps 


special problem? 


Earth-Moving Machinery poses 
mous problems interms of w 


ry 


té perature 
Ferodo sintered 
sand Ferodo cermets are 


some striking soluti 


1utomotive clutch designs ! 
leavy duty can be met by them. Is 
this your problem? 


Friction Materials themselves may 


SI 


uggest simplified answers to ap- 
parently complicated questions. We 
believe that many brake, clutch and 
transmission problems could be solve 
more quickly by designing round the 
friction materials available. Would 
you like to consult us at the design 


stage? 








Remember—only Ferodo manufacture 
acomplete range of friction materials: 
and therefore only Ferodo « 


} 


completely unbiased advice on frict 


¢ 


problems. You are cordially invi 


bring us such problems 


ask Fercdo First! PF 


FERODO FRICTION MATERIALS 


Ferodo Limited - Chapel-en-le-Frith 
A Member of the Turner & Newall Organisation 
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tweight 


Saffire 


has many 


advantages 


* 


* 


* 


* 


* 


Light to handl 


Beautifully balanced 


Designe dt J erpe rts 


Precision made 


Greater flame stability 


Surer resistance to backfire 


BRITISH OXYGEN GASES LIMITEC 


industrial Division, Spencer House, 


27 St. James's Piace, London S.W.1 


KO 
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THis is the fool for 


INCREASED PRODUCTIVITY 


impact wrench 


SIZE 24 


Basically designed as a Nut Setting Tool, this Impact 


Wrench may be effectively used with the available 
Extra strong in design and 


attachments for screwdriving, tapping, drilling, 


construction this tool incorpo- 


rates longer normal working life ; , . : ? 
grinding, wire-brushing or sanding. 


with minvnum maintenance. 


a2 


WRITE FOR LEAFLET 1.W.202 


BALANCERS ' ROTARY AIR ORILLS 


— a eee eee ee eee cee SS SS 
ROTARY SANDERS «+ RIGHT ANGLE NUT SETTERS 
RIGHT ANGLE DRILLS - MULTIPLE SPINDLE UNITS ower Ooo Ss 


ARMSTRONG WHITWORTH & CO (Pneumatic Tools) LTD 


Main Sales Office: 34 VICTORIA STREET WESTMINSTER LONDON SWi1 


Cable Address: ARMWHITOOL SOWEST LONDON Phone: ABBey 3817 


Works: TYNEMOUTH ENGLAND Phone: NORTH SHIELDS 3111 Grams: ARMWHITOOL TYNEMOUTH 
16035 
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Whetherit be a Whit., BSF, UNF, UNC, 
or B.A. thread it is all the same to 
C. Lindley & Co. Ltd., Luddenden, 
Yorkshire. They make all types of 








standard high tensile bolts and nuts 






from 4 B.A to 3” diameter and are 







well known for the manufacture of 


special parts by the cold heading 





method. Their heat treatment, which 






involves hardening tempering and 






normalising, is entirely carried out in 






four Birlec atmosphere controlled 






furnaces including 18” and 24” Birlec 





shaker hearths, and Birlec 






cast link conveyors. The 






weekly output of these 






Birlec furnaces is about 





30 tons, operating 50 





hours per week 










Birlec 18” shaker hearth furnace, 
rated at 40 kW, for hardening 
high tensile bolts and nuts at 
C. Lindley & Co itd, near Holifox 


EXTRA-SPECIFICATION FURNACES ¥ 





* The cost of a furnace is not 
necessarily its purchase price. Evena 
brief interruption in production may 
cause severe losses in output and 
serious inconvenience. The purchaser 
of a Birlec furnace can be confident 
that the equipment will not only meet 






BIRLEC) 
“MEA =AEI-Birlec Limited 




























his specification, but will give un- 
interrupted trouble-free service 





ERDINGTON - BIRMINGHAM 24 : Tel. EASt 1544 
LONOON ° SHcerriElLD NEWCASTLE-ON YNE 
GLASGOW CARDIFF 

SM/8 5037 
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ALFRED 


a 


i 24F93 


looling arrancement on a Herhert No \ Auto lathe for the production 


of thrust plates from 4 carbon-steel forgings in a total time of 3°16 


minutes each 


bor high-produc tion repetition work w ith consistent accuracy. 


Greatest output per foot of floor space at lowest labour cost per piece-—one operator and 


one tool setter can keep from four to six machines in continual operation. 


Power, rigidity and speed ranges to take full advantage of Ardoloy and other carbide tooling. 


All operations except chucking and removing the work are entirely automatic. 


Herbert Auto-lathes are made in five sizes: 


Auto Junior—84" swing, No. 3A.—12}’ 
No. 4- 


swing, 
164” Swing, No. 5 A.- a 24 swing and No 5A 33 — 33} 


Available for Early Delivery 


Ask for brochure “* Production on Herbert Auto-lathes.” 


L7D., COVENTRY ale 
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WITH 
INFRA-RED PROJECTOR UNITS 


With these specially designed projector units 
you can build an electric infra-red plant to suit 
your processing needs exactly. They incorporate 
tubular sheathed elements and highly efficient 
anodised aluminium reflectors, and can be readily 
erected in banks, portable units or used end to 
end in continuous troughs. They are eminently 
suitable for building into existing machines. 


Units are available ex stock in convenient stan- 
dard lengths of ]8in.,24in.and 36in., with ratings 
from 1.5 kW to 4 kW. Other special units includ- 
ing high intensity types are available in sizes 
ranging from 12in. to a maximum of 7ft. 6in. long. 


Send for 


LEAFLET NO. 4704/8 
entitled Build It Yourself,’ giving 
a wide range of examples of successful 
applications 


Associated Electricalindustries Limited 


TRANSFORMER DIVISION — HEATING & WELDING DEPARTMENT 
Trafford Park - - - Manchester 17 





Shaping up to process heating problems 











| 











Automobile Engineer, April 1960 









































ON THE 


ATKINSON OMEGA 


6x6 TRACTOR 








= ise $ a . 
KIRKSTALL FORGE ENGINEERING LTD 
LEEDS 


TEL: HORSFORTH 282! 

















14% CHROMIUM ALUMINIUM 
MOLYBDENUM NITRIDING STEEL 


Ws 
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14% CHROMIUM ALUMINIUM 
MOLYBDENUM NITRIDING STEEL 


Ke 


14% CHROMIUM ALUMINIUM 
MOLYBDENUM WITRIDING STEEL 
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149 CHROMIUM ALUMINIUM ai 
MOLYBDENUM NITRIDING STEEL gsc 


Co 
yey 
5 These steels have been evolved to make the very 


3°. CHROMIUM MOLYBDENUM best use of the Nitriding process of surface 
VANADIUM WITRIDING STEEL hardening by treatment of parts in an Ammonia 
; atmosphere at about 500 C and subsequent cooling 


at room temperature. 


The Firth Brown series consists of some seven 
principal steels covering a range of surface hardnesses 
and core tensile strengths which will be found to 


3°. CHROMIUM MOLYBDENUM suit almost every application. 


woe Sree Very clear printed data on this range of steels 


is yh / is available upon request. 
| } MY 
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3% CHROMIUM MOLYBDENUM 2 
NITRIDING STEEL Saw” 
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ALLOY STEELMAKERS «© FORGEMASTERS + STEEL FOUNDERS + HEAVY ENGINEERS 


THOS. FIRTH & JOHN R wt L . SHE EL ENGLAND 
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at it this way... 


this W&) ° % 


the best brake discs 
and calipers are in high duty 


cast Iron by 


DARCAST 
DARTMOUTH AUTO CASTINGS LTD. SMETHWICK 40 STAFFS r 


SPECIALISTS IN HIGH DUTY IRON CASTINGS 
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Elliott Brothers 


Patchcord Programming System 
and Taper Technique 


crreePerer 


aa 





“FIMAC” Computer a 
use in the Aviation D 


Elliott Brothe 


...to the end 





WRITE NOW ABOUT THE CREATIVE APPROACH TO BETTER WIRING 
AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD. 
Head Office. Dept 12. AMPLO HOUSE, 87 89 SAFFRON HILL, LONDON €E.C.! 
Tel: CHAncery 2902 (7 lines) Cables) AMPLO LONDON TELEX 


Telex. 23513 
Works Scottish Industrial Estate, Port Glasgow, Scotlana 


MILNE STREET 


1P323 
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R4M LIGHT DUTY BEARINGS... 


RANSOME & MARLES BEARING COMPANY LIMITED 


! NEWARK-ON-TRENT + TELEPHONE 4566 + TELEX 37-626 


BRANCHES + OFFICES AND AGENCIES THROUGHOUT THE WORLD 
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Identical twins 


This die-sinking machine is producing a 
metal punch for a car door outer panel, from 
a model made of Araldite epoxy resin. A 
stylus engages with the Araldite model, and its 
movements are repeated exactly in producing 
the metal punch. 4/5 weeks are required 
for the production of this punch, and 
the Araldite model retains its dimensional 
stability, in contrast with the distortion and 
fragility associated with the use of wood and 
plaster models. The Araldite unit is tough, 
durable and does not deteriorate in storage. 
Further information on numerous applica- 
tions of Araldite in tool making is contained 
in a recent publication “Araldite for Tool- 
ing” manual B.T., which will be sent gladly 


on request. 


Araldite epoxy resins are used 

for producing patterns, models, jigs and 
tools. 

for casting high grade electrical insulation. 
for impregnating, potting and sealing elec- 
trical windings and components. 

for producing glass fibre laminates. 

as fillers for sheet metal work. 

as protective coatings for metal, wood and 
ceramic surfaces. 

for bonding metals, ceramics, etc. 


Araldite 


epoxy resins 


28 





Araldite ts a registered trade name 


CIBA (A.R.L.) LIMITED, 


Duxford, Cambridge. 





Telephone: Sawston 2121 
AP 462 
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Our Managing Director believes that this print, showing 
a team of tour little horses, is the earliest advertisement 

for Desoutter Multiple Power Tools, But then, he believes 
anything. He believes that the chariot race trom Ben-Hur 
is a 13-minute commercial tor the same thing ! 


Mind you, he says, the jingle* didn’t come across very well. 





JESO 


Multiple Power ‘Tools 














De outter i 
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In 1922, the now legendary Austin j 


appearance. This car established 
for de pe ndahil fu ai 1 endurance 


samission Of these cars 7 


supplied by Hardy Spicer Ltd. 


Serving the Austin Motor Company 


THROUGH THE YEARS 


The revolutionary new Austin 7 is a worthy new- 
comer to its famous line of predecessors. Austin 
rely on Hardy Spicer for front wheel drive shafts, 
incorporating Birfield constant velocity universal 
joints. Through their research and development, 
Hardy Spicer have more than met demands 
imposed by the challenge of increasing strain 

on transmission equipment. sini dai iil ieee 


1} 
itt 


Birtieid Group 


PROPELLER SHAFTS 


HARDY SPICER LIMITED 


CHESTER ROAD ERDINGTON «+ BIRMINGHAM 24 


nN of Birfieid industries Ltd 
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THOSE DRIVERS YOU SEE 


Stirling-Moss-couldn’t-show-me-a-thing 


There are lots of different kinds of driver on the road. A good 
many different kinds of fuel too. The safest thing to do is 
to stick to BP Diesel-available at Agency sites throughout 
Britain. With a Shell and BP Diesel Agency card your drivers 


can fill up with BP Diesel on credit, or cash at agency rates. 


THIS IS THE SIGN THEY SHOULD LOOK FOR 
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THAT 


SHUG 


YOU WANT IS 


No. 1200. Three dozen Assorted 
Light Expansion Springs, suit- 
able for carburettor control, 
etc. 13/6. 
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No. 98A. Three dozen Assorted 
1” to 4” long, $" to 7” diam 
19G to 15G. § 6. 


TI LLW® 
M1“ No. 1217. One gross 
Assorted Springs. A complete 


Garage Service Kit. 42/- each. 


We know exact/y how difficult 
it is to find springs for 


experimental work . . . we've 


been making quality springs for 
over 100 years. So, we contidently 
No. 753. Three dozen Assorted offer you our excellent range of 
Light Expansion } 


}* to 4° diam 
to 6 


long, 22 to 18 S.W.G small boxed assortments which 


covers a very wide range. 





No. 760. Three dozen Assorted 
Light Compression Springs. | 
to 4” long, 22 to 18 S.W.G 


to 4° diam. 6 6. 


i 
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to 19 S.W.G. 15/- 





Have you a Presswork problem? 


If so, the help of our Design Stat 


tf is vours for the asking 








Really interested in Springs? 
“Spring Design and Calcula- 
tions’ 9th Edition tells all 
post free 12 6 





Cut Production Costs with 
lerry’s Wire CIRCLIPS. We 
can supply immediately from 


stock from i to? 








We can only show a few boxes. 
Send us a p.c. for our full list. 
If ever you are stuck with a 
spring problem let our Research 
Department put their long 
experience at your disposal. 

I gross Assortec 


' 7 I ’ 
O« tor 


1S -. 





for SPRINGS 


HERBERT TERRY 
& SONS LTD 


Redditch, Worcs. 


\e 


Looking for good Hose Clips? 
Send for a Sample of Terry's 
Security Worm Drive Hos 
Clip and price list 


(Makers of Quality Springs, Wireforms 


> r / : 
and Pi swork r over 100 vears) 
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Flexible Couplings 





cost no more— 
and they are backed 

by the widest experience, 
the most complete 
‘know-how’ in the world 


SILENTBLOC 


FLEXIBLE COUPLINGS 





PHILIDAS 
Mole Cia 





The rotor-head of the Westland 
“Wessex ’’— extensively fitted 
with Philidas Self-Locking nuts. 
















ibration stresses are smoothed out by skilled 
lesign, but in the Westland **Wessex” assurance is made doubly 
sure by the extensive use of Philidas self-locking nuts 
at all vital points. The fantastic tenacity of Philidas 
self-locking nuts is due to an ingenious opposing-torque 
cross-cuts feature which sets up a tension that only a 
spanner can release. High vibration, heat change, oil ng,! 
infiltration, constant use under ever-varying stress 
nothing makes Philidas nuts work loose. Once 


tightened—they s/ay tight until a spanner shifts them 





WRITE FOR LATEST CATALOGLE 


) 2 = OS OO Bb y_t _ 







PHILIDAS DIVISION—WHITEHOUSE INDUSTRIES LTD 
FERRYBRIDGE, KNOTTINGLEY, YORKS 

Tel: Knottingley 2323 (Slines) Telex 55166 

London Office and Stockroom: 44 Hertford Street, W.1. Tel: LEGation 3888. Telex 23549 





Northampton Office and Stockroom: Countess Road, Northampton Phone: 3766. Telex 31624 
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AC Fuel Pumps 





Virtually every British vehicle has 
one or more AC-Delco products designed 
into it at drawing board stage. 
AC-Delco research engineers will gladly 
help when you are planning a new design 
or modifying an existing one. 
These are a few in the wide range of 
AC-DELCO automobile and electrical products. 
AC - Delco - Delco-Remy 


are registered trade marks 


a good vehicle 
starts with 








it can be done 








Aluminium 


Hiduminium 

















NYLON AT ITS BEST 
iS CALLED... 


Li ae ee ee ee A 


The Nylastic bearing is now firmly established in the Automotive 
world as the ideal bush for many swivel arm and lever applications 
Nylastic is also used for track-rod ends, diesel fuel pump coupling 
discs, chain reaction pads, cable support clips, thrust washers etc., 
and is used with combinations of rubber and metal for steering 


column bearings, anti-vibration clips, earthing clips etc 


The experience gained over the past years enables us to give a 
unique service in advice and design for this increasingly popular 
material. Our Technical Staff is available to give full information about 
Nylastic, and to produce drawings and suggested schemes for 


particular applications. 


HOWARD CLAYTON-WRIGHT LTD 


WELLESBOURNE - WARWICKSHIRE : ENGLAND 


Telephone: Wellesbourne 316 Telegrams: ‘CLATONRITE’ Wellesbourne 
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Comprehensive 
stocks 
constantly 
maintained 


Automobile Engineer, April 1960 


SAMUEL OSBORN & CO., 


CLYDE ST 


Fine Steelmakers 


The superior design of these products is 
the result of prolonged research and 
development. They are far in advance 
of similar tools of comparable price 
and much faster speeds and feeds are 
achieved with the cutters. Please write 
for leaflet No. || “*“AN ADVANCE 


IN MILLING”’. 


LIMITED 


EEL WORKS - SHEFFIELD 


Steelfounders Engineers’ 


Toolmakers 





THE Ts 7, ie 
Latherlight IDEAL SPRING 


(Pavemrs PEMoing ) 


A NEW AND 
REVOLUTIONARY 
VEHICLE SPRING 


DESIGN 


By using ALL the steel of 
the spring by correct dynamical 
stressing, it is possible in this 
design to save up to 20°, of the 
weight of a spring and to offer it at 
LESS COST than an ordinary spring 
for equivalent duty. Proper propor 
tioning of the taper of the Plates gives 
a uniformly stressed spring, and the 
reduction of unsprung weight is of 
value to the suspension designer 
Springs of three or even two 
plates are perfectly practical. Where 
necessary, the strength of the rolled 
eye can be maintained by increased 
thickness there, despite the slim taper 


adjacent to the eye 


TWS 


SHEFFIELD 3 
TWS76 
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TOLEDO WOODHEAD SPRINGS LIMITED AYCLIFFE, NR DARLINGTON AND 


40 








A Whole Life Policy 


David Brown, in selling you a batch of Precision Hobs, or even a 


“one-off,” are not intent on just getting off the order book and on 
to an invoice. They are concerned that their products should give of 
their best throughout their whole life. 

To ensure that this happens David Brown maintain the most 
comprehensive heat treatment, batch and individual inspection procedures 
each stage the sole responsibility of a craftsman. 

Remember — when you order from David Brown you are calling on 
nearly a century’s accumulated experience. Remember— David 


Brown for Precision Hobs 


DAVID BROWN 


THE DAVID BROWN CORPORATION (SALES) LIMITED 


TOOL DIVISION » PARK WORKS - HUDDERSFIELD * TEL. HUDDERSFIELD 3500 








Change up to today’s 
top gear! 





Drivers are doing it everyday 

manufacturers are doing it all the time! 

The top gear today, of course, 

being made by David Brown—just as it has 
been for over fifty years. And 

there’s a good reason for this universal 
approval of a famous name—for David Brown 
make the biggest selection of gears 

and gearboxes in the country. Every one is 
fully proved and unsurpassed in its 

class for accuracy, quiet running and dogged 
dependability. 

David Brown make a full range of 

auxiliary drives too—tor timing, magneto, 
oil pump, speedometer and starter, 

and these are as widely used as their main 
transmissions. It adds up to this—for 
commercial vehicle gears of any kind, 

more and more manufacturers are 

going straight into top with David Brown. 











THE DAVID BROWN CORPORATION (SALES; LIMITED 


AUTOMOBILE GEAR AND GEARBOX DIVISIONS, 
PARK WORKS, HUDDERSFIELD TEL: HUDDERSFIELD 3500 
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DAVID BROWN 
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John Bull shaped hoses are manufactured for heating, 
cooling, air-induction and vacuum systems and other 
applications in automotive and general engineering 
where high-duty, flexible connections of special 
shape are required. Bell-mouthed, T-shaped and 
branched hoses present no problems. 

Moulded or mandrel-formed according to con- 
struction and manufactured in high-grade natural or 
synthetic rubber with fabric reinforcement where 
required, john Bull hoses provide maximum life 
under the most severe conditions. 

In addition to Shaped Hoses, John Bull products 
include Boots and Gaiters, Convoluted Hose and 
Rubber Mouldings. 


JOHN BULL RUBBER CO. LTD. (industrial Sales Division) LEICESTER 
TELEPHONE: 36531 





























“This ‘DPA’ Distributor type 
Fuel Injection Pump 


has many 
DP 
advantages 





It is so small and compact that it can be fitted snugly against 
the engine and makes a very neat installation. It lends itself to 
simple driving arrangements and can be mounted either horizontally 

or vertically. The position does not affect lubrication, because the 
pump runs in filtered fuel oil under a slight pressure and no special 
lubrication is needed. It is suitable for high speed work, because its 
rotating parts are light and there are no highly loaded springs. There ts 


much more besides... . 
Over a quarter of a million already in use 


The World’s Largest Manufacturers of 


FUEL INJECTION EQUIPMENT 
C.A.V. LIMITED, ACTON, LONDON, W.3 


AP 975 
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A simple, reliable, well-proved, 


bonded-rubber torsional-vibration 


damper, developed and manufactured 


by Metalastik Ltd. of Leicester. 


There are millions of 
Metalastik T.V. Dampers 
in service, 



























Distinguished Partnership 


The distinction of the Rover is matched 
by the distinction of the aluminium 
alloy it so extensively incorporates. 
Birmabright, the original alloy specially 
developed to withstand corrosion, 
possesses also the virtues of lightness, 
strength and resilience—a combination 
of qualities that adds lustre to both 
sides of the partnership. 

Do you use Birmabright corrosion- 





resisting aluminium alloy? 








BIRMABRIGHT LIMITED 





Birmabright 


WOODGATE WORKS - BIRMINGHAM 32 


om iss 
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vo commercial vehicles to enter the M.1 Motorway at the 

end were a Leyland Super Comet truck and a rear-engined 

Leyland Atlantean double-deck coach. Both these vehicles were 
specially designed fc Ve high speeds of modern motorway operation, 
below 60 mph, and both were fitted 


ped to meet the demands of 


with constant research and — Tumbling. For commarcet sticin 0 wall as mine cae 
new developments 


wy  [APASLA takes care of the braking 


114 & 116 Park Street, London W1. Telephone: Grosvenor 6022 


TA 3567 


The Cape Asbestos Company Limited, 


49 
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WATERPROOF - ROT PROOF - WEAR PROOF 


PERMATRED 


DENSIFIED IMPREGNATED LAMINATED WOOD 











It's common sense. 


It's the floor of the vehicle 
that takes the pay-load, and 


s 


4) 


so a lot depends on the 
flooring. PERMATRED is 


C fh 


©) 


under 
It is light, 


material 


ideal 


the 


Write for a sample to: PERMALI 


all conditions. 


non-slip, everlasting—and 


T E D 


troublesome 


no 


needs 


I 


M 


' 


metal ‘wearing strips’. 


GLOUCESTER - ENGLAND Telephone: 2494! 


SPECIALISTS IN LAMINATED PLASTICS 


THE 


April 1960 
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A new Grommet development 





THE DOUBLE SEALING 
EMPIRE RUBBER GROMMET 


Tabitelit=th a= tecetelasloaleler-lilale Mm iam elm 
vovoval-jiel-ia-lelh ma-1elelet-t-ma-lalel-melm-iP4—s-) 
oX-Lor-10l-t-Milal-m-t-leal-meolsceleslasl-)m@er-lamel-mel-i-lem Alia 
Y-A-1e- 1M olr-bi-miellot @al-t-t-1-5- me] @ior-lell—m-1P4—3-) 











This newly developed self-conforming grommet, 
because it is immediately self-locking against the 
elements, is the solution to many of an engineer’s 
sealing problems. 

Any one size will not only accommodate itself to a 
variety of mounting plate thicknesses, but (designed 
for cable or control rod) will take these in a variety 





THE NEW BLIND GROMMET 


x oe Si 


FREE FREE 


Note how when sprung into position the grommet pro- 
vides a perfect double seal by its own permanent pres- 
sures. The angled groove also creates a tight pressure 
hold on the metal plate 


A useful feature of this cz 
of the cable entry ar 


entry and a variety of « 
mets with angled bores 





Now being produced in a range of sizes. 


THESE GROMMETS WILL SOLVE 
YOUR SEALING PROBLEMS. 


EMPIRE RUBBER COMPANY 





DUNSTABLE .- 


of sizes and be weather-, water- and dust-proof at a 
variety of angles to the cable or rod 


Because of its capacity to conform to many varying 
requirements, it enables a workshop stock range 
of grommets to be reduced to perhaps one tenth of 
that at present maintained. 





THE NEW DESIGNED GROMMET 


OND SEA 





FITTED 


In the cable grommet variety the same double pressure 
seal 1s created, allied to ught seal on various diameters of 
cable his new grommet gives sound sealing at all 
vital points 


} conventional grontmet, only 
e thickness of plate and only one 
ft cable can be accommodated. 

e seal is afforded by the 


parallel groove. 


ENQUIRE 
for Catalogue section 
and detailed particulars 





BEDFORDSHIRE - ENGLAND 
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: AY OND tik ON PS NLE 
THE STEEL COMPANY OF WALES LIMITED 





The wise and amiable hen does 

a good packaging job on our 

breakfast egg. 

The shell not only fits our egg- 

cup to perfection; it makes a 

skilful compromise between 

protection in transit and ‘crack- 

ability’ under the spoon. 

Sheet steel from the City of 
MADE T0 MEASURE Steel is also made to a purpose 
Each order is treated as a 
separate assignment so that 
you, the manufacturer, get 
the exact kind of steel your 
product needs. Steel, in fact, 








made precisely to your 
particular measure. 
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Rapid, high-quality photoprinting 


The Ilford AZOFLEX Model 221 
Combine printing and developing 
machine (formerly known as Model 
42 63 Mark II) employs safe, odour-free 
AZOFLEX chemicals just one of the 
many special features that make it the 
ideal photoprinting machine for print 
room or drawing office 


Capacity: rolls and cut sheets up to 42 in. wide. Printing speed: 
6 im. to 15) ft. per minute. Lamp: H.P.M... MAL 2,000 watt. 
Dimensions: height 50in., width 67in., depth (tray extended) 52in. 
Weight: 850 Ib. 


Subject to certain conditions, the majority of AZOFLEX 


phot 


/ ) 


machines can be hired as an alternative to out pu 


ILFORD Azoflex 


PHOTOPRINTING MACHINES & MATERIALS 


Full details from 
ILFORD LIMITED, INDUSTRIAL SALES DEPARTMENT 
ILFORD. ESSEX TELEPHONE ILFor 


Mase 
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Exposing, developing and drying operations 
completely synchronized 

Al! controls accessible from comfortable 
working position 

High continuous output easily maintained by 
one operator 

Excellent copies obtainable from old or faded 
originals, 

Comprehensive maintenance service available 


at nominal! cost 





DESIGNERS! THIS IS THE ONE 





REFERENCE BOOK TO SOLVE YOUR 
FLUID SEALING PROBLEMS — 
AND IT'S FREE! 














When you design 

Fluid Seal applications, 
don’t be without this 
valuable Reference 

Book issued by Pioneer 
Prepared by practical 
engineers, it includes 

the latest up-to-date 
information on Fluid 

Seal Technology, 
comprehensive data on 

a wide variety of 
applications, how to instal! 
correctly with easy-to- 
follow illustrations for 

all the various types of seals 
produced by Pioneer, and a 
full range of available sizes 
The Pioneer Reference Book 
which comes to you on 
request, is a practical work 
for the busy designer and is 
part of the Pioneer service 
which includes free advice on 
any Fluid Sealing problem. 


Pioneer 


OILSEALING & MOULDING CO. LTD 



































i 


CMe C cee ciecs 


Factory and Head Office: Cottontree Works, Colne, Lancs. Tel: Wycoller 471 (8 lines) 
OE ——— ~ 7 


GET your copy | 
| OF THE PIONEER [ : | 
FLUIDSEAL 4 ADDRESS 
| 
| 
! 








| CATALOGUE { 
NOW 1 mARK FOR THE ATTENTION OF 
ET SE ail 
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EMIAC II 


an infinite range of 
analogue computers 


The right computer for you 


We invite you t et 


E.M.I. ELECTRONICS LTD 


NTINUOUS PROCESS CONTROL DIVISION 


HAYES, MIDDLESEX rEI SOUTHALL 2468 








The right WRENCH =. 
for the job... concn 


Power Vane" 337-RAN 90 Angle 
Impact Wrench. {° capacity 





















“Power Vane” 349-RP Pistol Grip 
Impact Wrench capacity 





“Power Vane” 349-RAN 90° Angle 
Impact Wrench. {” capacity 


HERE ARE 7 





“Power Vane" 365-RP Pistol Grip 
Impact Wrench. Capacity 14” 


One firm needs a tool for running- C.P. in fact make the right impact wrenches for every 
type of work—from bridge building to the manufact- 


mn 13° i 
up nuts on 14” diameter bolts ure of cycle components; nut running, stud setting or 











Another is assembling light tapping. Seven of C.P’s wide choice of wrenches are 
ihe illustrated here; you can see the full range in the C.P. 
apparatus with }” bolt sizes. Yet Wrench Catalogue. 
another is faced with the problem DI 
of bolting in awkward positions 
_ » . » i “Power Vane" 375-RS J. 
and needs an angle machine. And Side Handle Impact 
for ali these jobs—C.P. can supply Cee. Capeny og 
the wrenches 
CONSOLIDATED PNEUMATIC TOOL COMPANY LIMITED DAWES ROAD . LONDON . S.W.6 
A fhliated and Subsidiary Companies throughout the World \ ; 





cP/203 
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DISTRIBUTORS OF MATERIAL IN BULK 
IN GT. BRITAIN 


J. A. NORDBERG LTD 


171 QUEEN VICTORIA ST 
LONCON, €E.C.4 
Tel: Central 9678 


FOREIGN & COLONIAL ENQUIRIES TO 


H. JACKSON LTD 


OAKENCLOUGH, GARSTANG 
Nr. PRESTON, LANCS. 


Tel: Garstang 3308 








When they talk about MOTORING — 


td 


| 


~ 


N\A" 


4 
wf 


4 
0. ot 
The steel frames of their car seats are probably 
pre ssed trom RTB sheet, so are the bodi s: the spl 
of the independent suspension may be made of our 


alloy steel; so are the ‘strong arms’ of the jork-lift 


trucks used by the motor-car manulacturer. 


And at home they are served by tinplate, bright 
sheets and black steel sheets. Hardly a household ha 
less than a hundred examples; and not far away 


are RTB laminations, generating electricity or turning 


it into power. 


Richard Thomas % Baldwing LIA, 


‘ 
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QUALITY TECHNIQUE , 2 





Electronic Control 


The illustration shows one of our 
electronic measuring machines specially 
built for us and installed in the Piston 
Inspection Line at our Warwick Factory. 
The visual indicator has been enlarged 
to show in detail the arrangement by 
which seven dimensions are accurately 
checked in one operation, speeding pro- 
duction and ensuring consistency of 
measurement withoutrisk of humanerror. 


THE BRITISH PISTON RING CO. LTD., COVENTRY 





recording panel enlarged 














ADMIRALTY 
A.E.C. 
ALLEN 
ALLEY & MACLELLAN 
ALLIS CHALMERS 
BERGIUS 
DAVID BROWN 
CATERPILLAR TRACTOR 
CHRYSLER-DODGE 
CUMMINS 
DAVEY, PAXMAN 
GARDNER 

1E.2” f py of 


FARNBOROLGH ENGINEERING CO. LTD 


lFARN BOROUGH wu 


on the production lines of the 
following engine builders 


GLENIFFER 

LEYLAND 

MIRRLEES 

McLAREN 

NATIONAL GAS & OIL 
NORTH BRITISH LOCOMOTIVE 
PERKINS 

RUSTON & HORNSBY 
SCANIA VABIS 
VICKERS-ARMSTRONG 
VOLVO 

etc. etc. 


- FARNBOROUGH . KENT 
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DOW PLASTICS /or automobiles 


CONTRIBUTE PRODUCTION ECONOMY AS WELL AS BEAUTY 


" ,ell us ft ‘ i 
Dhere = Zerlon*® 
\ plasties It 


yhit tran 


IN 





LATEX 566 for meta! primers TYRIL® for car fittings STYRON °440 for vent ng ducts ZERLON 150 for oard instri Pr SARAN for seat covers, upholstery 


Principal distributor of Dow Products in the United Kingdom CHEMICALS 
R. W. GREEFF & CO. LTD. 
, PLAST! 
Garrard House, 31 45 Gresham Street, London E.C.2, England — 


TYRIL STYRON ZERLON 
BRITISH RESIN PRODUCTS LTD., 


Devonshire House, Piccadilly, London, W1, England 


DOW CHEMICAL COMPANY (U.K.) LIMITED TEXTILE FIBRES 
48 Charlies Street, London, W.1, England PACKAGING FILMS 
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helps smooth out problems from the start 





The Auto Engineer finds it better to 

start right by calling in Midcyl Research 
on such of his problems as are associated 
with Cylinder Blocks, Cylinder Heads, 
Camshafts and Brake Drums. 


LTD., SMETHWICK, STAFFS 


THE MIDLAND MOTOR CYLINDER CoO. 
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Editorial The Kev to Successful Development 


Rover 3 Litre Part III: Analysis of the rear and front 


uspension systems, also the steering layout, the brakes and 


electrical equipment 
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rohust and compact unit for cars 

Cary Laminaire Suspension Ingenious conversion 

ystem for semi-elliptic springs, providing a progressive rat 
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You don’t use oak for a cricket 


bat nor ebony for a ladder! 





It’s the same with ball or roller 
bearings. When it comes to 


choosing the right) type of 


bearing for a given duty and 


a trouble-free lite, SALGE can 
offer unrivalled experience 
with its world-wide inter- 
change of expert technical 
information on every kind 


of bearing application. 


That is why it pays to consult 


ga") 


SASSI first ! 


THE SKEFKO BALL BEARING COMPANY LIMITED + LUTON « BEDS Le kx. | 


JLLER & SPHERICAL ROLLER 


THE ONLY BRITISH MANUFACTURER OF 
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Ix development work, there is scope for considerable 
savings in cost and time, as well as for improving accuracy 
and effectiveness. The key is the use of modern methods 
of instrumentation. But because of the ever increasing 
complexity of electronic and other devices now coming 
into use, instrumentation technique is a field that can be 
dealt with adequately only by specialists. This fact has 
been given emphasis recently by the introduction of the 
DIDAS telemetric instrumentation system, described in 
last month’s issue of Automobile Engineer, and it began 
to be apparent as soon as computers were introduced for 
application to design and development work. 

Today by far the most difficult problem to be solved is 
that of using to the greatest advantage the knowledge of 
instrumentation engineers. Although they have the 
capacity for working wonders so far as obtaining infor- 
mation with their equipment is concerned, they cannot 
provide the data the automobile engineer requires unless 
they know in considerable detail what information is likely 
to be of use to him; moreover, unless the automobile 
engineer himself fully appreciates what can be done by 
instrumentation, he is, of course, not in a good position to 
specify what he wants. The problem is further complicated 
by the fact that development work inevitably involves 
much groping in the unknown. 

It follows that the requirement is for instrumentation 
specialists with a wide experience in the automobile 
engineering sphere, and obviously such people cannot be 
conjured up at short notice. Moreover, since the amount 
of instrumentation required by individual vehicle and 
component manufacturers is relatively limited, it will be 
difficult for their own personnel to gain the necessary 
experience. Therefore, in Great Britain at least, advan- 
tages could be gained by more extensive consultation with 
the instrumentation department of the Motor Industry 
Research Association. This would enable the personnel 
of the Association to broaden even further their knowledge 
and experience, with consequent benefit to all. There is 
also scope for the interchange of information between 
industries : for example, telemetric systems have been in 
use for some time in missile development, and there are 
other modern scientific measuring techniques—applied in, 
among others, the aircraft industry—that could be 
employed to advantage by the automobile manufacturers 

Naturally, there could be opposition to the idea of using 
M.LR.A. as a clearing house for the pooling of manu- 
facturers’ experience, especially where individual firms 
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PRODUCTION METHODS WORKS EQUIPMENT 


Key to Successful Development 


feel they have perfected their own methods of develop- 
ment, but the field of instrumentation is undoubtedly too 
complex to be dealt with adequately by individual effort. 
Even if the pooling of knowledge were to lead to some 
small temporary losses in advantages, these will be more 
than offset by gains that inevitably will also be made in 
other directions. So far as results and lessons are 
concerned, there need be no fears—the Motor Industry 
Research Association is renowned for its discretion. 

Improvements are constantly being made in respect of 
techniques of measuring, recording and analysis of results, 
and it is becoming increasingly difficult for engineers who 
are preoccupied with day-to-day mechanical problems to 
keep abreast of these advances. An example is the piezo- 
electric vibration strain gauge produced by the Brush 
Crystal Co. Ltd., of Southampton—this is a completely 
new application of the piezo-electric principle. The action 
of these gauges can be reversed: that is, by supplying ap 
alternating current to them, they can be made to vibrate 
mechanically at the frequency of the applied current. 

Another example is strain measuring devices that have 
high gauge factors. These gauges have been developed by 
Bell Laboratories, in the United States of America. Factors 
as high as 150 for germanium and 175 for silicon units 
have been achieved, as compared with factors of 2 to 4 
for the conventional resistance strain gauges. It would 
also appear that there is scope for the application of gyro- 
scopic instruments for the investigation of roll, pitch and 
yaw of motor vehicles, and especially of transient pheno- 
mena that occur during manoeuvring. 

So far as electronic equipment is concerned, there have 
been misgivings in the past as to its reliability, but the 
introduction of transistors has changed this situation. 
Recent progress with more complex systems has led to the 
introduction of equipment capable of coping with very 
large numbers of measurements simultaneously. Other 
developments have made it possible to process these data 
with equal despatch. If these facilities are to be used to 
the best advantage, extensive planning of development 
work is necessary, and it is obvious that those who do the 
planning will be required also to perform the function of 
intermediaries between the instrumentation specialists and 
the experts in the automobile mechanical engineering field. 
That this subject merits careful study is obvious, since the 
benefit to be gained from an entirely new and systematic 
approach is a better product at lower cost and enhanced 
potential for meeting competition throughout the world. 
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ROVER 


3’ LITRE 


This view from beneath reveals 
several interesting details of 
the Rover front suspension. The 
laminated torsion bars fit into 
holes in the lower transverse 
links, which are braced by 
radius arms. In the steering 
linkage, the joints of the three- 
piece track rod are _ sealed 


Part 111: Analysis of the Rear and Front Suspension Systems. 


also the Steering Layout, the Brakes and Electrical Equipment 


Atrnoucn otherwise orthodox, the rear suspension of 
the Rover 3 Litre car is noteworthy for having no metal- 
to-metal contact with the body structure. It is well known 
that cars of unitary construction are more susceptible to the 
transmission of road-generated noise to the interior than are 
those with a separate chassis frame. To attain the degree 
of quietness traditionally associated with Rover cars, 
advanced methods of insulation were therefore necessary, 
and those adopted have proved markedly effective. 

The semi-elliptic springs have a length of 49; in between 
attachment points. To provide a slight roll steer effect, 
their front ends are mounted approximately 3} in lower than 
the rear ends. The axle is situated at the middle of the 
springs, the action of which is controlled by hydraulic 
dampers of the telescopic type. 

Each spring has seven main leaves of En.45A steel and, 
following normal practice, the master leaf is rather thicker 
than the others. The actual thicknesses are: master leaf, 
0-218 in; other leaves, 0-171 in. In the normal static, laden 
position, with three persons in the car, the springs have a 
slight negative camber, of the order of jin. Below the 
main leaves is a helper leaf, with a thickness of 43 in; it is 
of the same material as the other leaves and has virtually 
no camber. For the last 3 in of each end, it is tapered in 
thickness, on the upper surface, to give a progressively 
rising rate as the load increases. The combined spring rate 
rises from 100 to 220 Ib/in, as the helper leaf comes into 
action. A periodicity of 85 c/min is quoted by The Rover 
Co., and the roll centre height is 10-1 in. 

All the leaves are clamped together in the middle by a 
bolt, and there are additional clamps round all the main 
leaves, beyond the ends of the auxiliary leaf, and also round 
the upper three leaves near the extremities of the spring. 
Welded to the underside of the axle tube, near each end, is 
the seating bracket for the spring. It is fabricated from 
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fs in steel plate and is of channel shape in front elevation, 
with a medial reinforcing flange parallel to the other two. 
The flanges are extended ahead of the axle to form the lower 
anchorage of the damper. 

U-bolts of conventional design secure the axle to the 
springs, which are 42 in apart. These bolts seat directly on 
the tubular portions of the axle casing, and their ends pass 
through retainer plates. Bending of the intermediate 
portions of the plates under bolt tension is resisted by 
flanges at the front and rear ends. A hole in the middle of 
each plate provides clearance for the nut of the medial 
clamping bolt of the spring. 

Although the Metalastik attachments of the spring to the 
support brackets on the body were described in the April 
1959 issue of Automobile Engineer, a brief recapitulation 
here is merited. At the front end of the spring, the eye 
of the master leaf houses a Metaxentric bush. As the 
name Metaxentric implies, the axis of the inner sleeve of 
the bush, in the unloaded state, does not coincide with that 
of the outer sleeve but is offset above it. The heaviest 
components of the loads are thus taken in compression on 
the greatest thickness of rubber, and the design is such that 
vertical flexibility is considerably greater than longitudinal 
flexibility. Interesting details of this bush are the unusually 
thin outer sleeve and the slotting of the rubber at its thinnest 
section, to avoid stressing it in tension. 

At the rear of the springs, Contrasonic shackles are 
employed in place of metal shackles. In the Contrasonic 
unit, rubber is used in combined compression and shear on 
bump, and in tension and shear on rebound movement. 
In addition to its sound insulating properties, this ingenious 
design provides greater lateral stiffness than do most rubber 
bushed shackles of normal design. A further advantage is 
that the unit is bolted to the master leaf of the spring, 
which, therefore, does not have to be formed into an eye. 
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The Contrasonic shackle comprises a steel bracket of 
triangular section to which are bonded two bobbins of 
rubber, moulded as a unit: the base of the triangle sits on 
the spring, and the bobbins project perpendicularly from the 
other two sides. To the outer end of each bobbin is bonded 
a plain washer carrying a captive bolt for attachment to the 
vehicle. A bridge of rubber between the bobbins forms a 
bump stop, to limit the upward deflection of the shackle. 

A rubber bump stop for the axle is bolted to each side 
member of the body rear structure. The double-acting 
dampers, of Woodhead Monroe manufacture, each have a 
bore of 1 in diameter, and are sited immediately behind the 
rear seat squab. They are installed with a slight forward 
inclination, so that they are substanually at right angles to 
the spring, but without any lateral inclination. Their upper 
ends are attached, by rubber sandwich type end fittings, to 
channel section brackets welded to the body side members 
and the inside panels of the wheel arches, which close them 
to form box sections. At its lower end each damper has 
an overhung attachment, of rubber bush type, to one of 
the spring seating brackets on the axle. 

The bushes are of split design, and each half-bush is of 
tapered section to provide location for the eye of the damper 
Each flange extension of the spring seating bracket is drilled, 
and a steel tube passes through the three holes. The tube 
is welded in position. Its inboard end projects beyond the 


Above: The rear springs are gaitered and are mounted on Metalastik 
Contrasonic shackles and Metaxentric bushes. Right: Extensions of the 
spring seating brackets form the lower anchorages of the dampers 
The tapered upper surface of the helper leaf is clearly visible 


bracket to form the inner sleeve of the rubber bearing. 
Because of the amount of offset of the damper axis from 
the spring bracket, a distance sleeve is interposed between 
the bush and the bracket: this sleeve fits over the tube and 
is welded to the bracket. The bearing is retained on the 
tube by a large plain washer and a bolt. 


Front suspension 

Although the front suspension is of largely conventional 
design, it is entirely new and embodies several interesting 
features. The outstanding one is probably the use of 
relatively short laminated torsion bars as the springing 
medium. Others include the use of ball-joints for the 
steering swivels, and the employment of lateral arms and 
diagonal drag links, instead of wishbones, for the lower 
linkage of the suspension. In terms of reduced running 
costs and time off the road, the obviation of the need of 
periodic lubrication is a praiseworthy innovation. Satisfac- 
tory cornering stability is obtained by the use of an anti- 
roll bar, but it is probable that the adoption of a different 
suspension geometry from that previously employed has 
assisted in this respect 

Each of the front wheels is mounted on taper roller 
bearings on a stub axle integral with the forged 5030 steel 
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SPECIFICATION 

SUSPENSION: Front, double transverse link, with laminated 
torsion bar springs, Woodhead Monroe telescopic dampers and 
anti-roll bar. Rear springs, with Woodhead 
Monroe telescopic dampers 
STEERING: Burman recircu 
rod and slave lever. Ratio 17:6 
full lock. 44 turns of steering wheel from lock to lock 
circle, 40 ft 

BRAKES: Girling hydrau 


semi-elliptic 


lating-ball, with three-piece track 
1 straight-ahead; 28:5 : 1 on 
Turning 


with Girling vacuum servo assistance. 
Front, disc type, with 10-794 in diameter discs. Rear, drum type, 
11 in diameter; shoe width, 24 in. Total swept area, 413 in* 
Hand brake actuates rear shoes through mechanical linkage 

WHEELS 


Tubeless 
Pressures, 


five-stud attachment, 5 in wide rims 
tyres, 6-70-15 in (standard) or 7-10-15 in (oversize) 
standard tyres: front, 24 Ibjin®; rear, 22 Ibfin® 

DIMENSIONS: Wheelbase, 9 ft 24 in. Track: front, 4 ft 7% in; 
rear, 4ft 8in. Overall length, 15 ft 64 in. Overall width, 
5 ft 10in. Overall height, unladen, 5 ft Uj in. Ground clear- 
ance, 7§ in. Frontal area, approximately 20-8 ft®. Kerb weight 
of standard transmission model, with full fuel tank, 3,598 Ib. 
Weight distribution 54 per cent; rear, 46 per cent. 


Steel 71SC wit! 


front 











swivel member. The upper and lower ends of this member 
are offset to accept the swivel pins, which have a taper 
mounting in the member and form part of the ball-joints. 
These ball-joints cater for both steering and suspension 
articulation, and are widely spaced, at 11} in apart, to mini- 
mize the stresses from lateral The upper one is a 
plain spherical bearing, incorporating controlled friction 
loading through the medium of a compression spring in the 
housing. A part-spherical head is formed at the top of the 
swivel pin; this head is of the same radius as the main part 
of the ball, which is of hardened steel and floats on the pin. 
The ball seats in a hardened cup that fits into the housing 
and is clamped in position by the screw-in cap carrying 
the spring. To exclude dirt and water, and to retain the 
lubricant, a synthetic rubber gaiter is fitted between the 
housing and a pressed steel shroud; this is pressed on to 


loads. 


the swivel pin below the ball, the bore of which is counter- 
bored to receive it. 
Since it has to support a portion of the vehicle’s weight, 


the lower ball joint 1s of more massive construction. The 
ball seats directly in the housing but is not a complete 
sphere: its lower portion is machined away to form the 
upper track of a ball thrust bearing, the lower track of which 
is machined on an integral collar on the swivel pin. A 
spring abutting on the underside of this collar maintains 
contact between the ball and its seating during negative 
loading. It is clear that, with this arrangement, if the ball 
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Each upper wishbone comprises two steel 
stampings, whereas the lower links are 
forgings The steering swivel members 
ire connected to the wishbones and links 
by ball-joints. Rubber bushes, mounted 
beneath the side members of the front 


sub-frame unit, carry the anti-roll bar 


were to rotate on the swivel pin axis 
within the housing, the thrust bear- 
ing would not be fully effective in 
minimizing friction. Any such rota- 
tion is prevented by a dowel in the 
wall, which 
groove on the ball 
method is similar to 
upper joint but, because the shroud 
is inverted, the swivel member 
carries a second shroud that acts as 
an umbrella over the gaiter and the 
top of the first shroud. 

Wishbone type upper suspension 
links are employed, and each com- 
prises two 1035 steel stampings of 
channel section, with the flanges 
facing outwards. The outer ends of 
the channels are secured to the housing of the uppe 


engages a 
The 
that of the 


housing 
sealing 


that 1 


a forged member 


bearings, mounted on ¢ 
jiameter 


bracket on the front 
spindles is 2in. Plain washers are interpese¢ 
inner bearings 
clamp them in position. The pivot axes of the 
are longitudinal in plan view but are inclined downward 
towards the rear by 12 deg, in order to reduce the nose dive 
resulting from weight transfer during braking. A detail of 


short 


sub-frame; the ¢ 


sleeves of the and the castellated nuts 


wishbones 


interest is the arrangement of the rebound stops: a 


arm extends downward from the inboard end of each link 


of the wishbone, and terminates in a convex pad, which 
comes into contact with a rubber buffer on the 

The lower links of the front 
forgings !n En.19C steel, and their outer 
to form the housings of the ball-joints 
These links are disposed transversely, with a horizontal 
pivot axis, and each has a large boss its inboard end 
Secured, by three equally spaced bolts, to the leading face 
of this boss is a flange formed on the }? in diameter pivot 
spindle. The inner sleeve of the pivot bearing is 
clamped against the flange by a plain washer and castellated 
nut. Each end of the outer sleeve of the bearing is flanged 
for location in the housing, which is bolted to the underside 
of the sub-frame. 

Triangulation of the lower links of the suspension, to 
resist longitudinal loading and brake torque reaction, is 
provided by obliquely mounted, tubular radius arms, of 1 in 
diameter. Thev are fitted between the outer ends of the 
links, immediately inboard of the ball-joint housings, and 
brackets below the sub-frame side members. The position 


sub-frame 
suspension are I-section 
ends are enlarged 


already described 


rubber 
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the rear anchorages has been carefully chosen to avoid 

*ssive interference between the natural arcs of movement 

1¢ links and the arms, which have an outward inclination 
deg 

Pressed into the extremities of the radius arms are solid 
end-pieces of smaller diameter than the tubes; these end- 
pieces carry the flexible mountings. The rubber bush in 
the suspension link has an inner, bonded-on sleeve only; to 
provide for axial location, the hole in the link has chamfered 
ends, which are filled by the rubber when the bush is 
compressed by tightening the securing nut. The attachment 
f each radius arm to the sub-frame is by a sandwich type 
of end fitting, orthodox except for the method of providing 
adequate bearing area in the bracket. Local reinforcement 
increases the thickness of the bracket section round the 
hole, the diameter of which is considerably greater than that 
of the end-piece shank. On each side is a dished washer 
having a spigot that enters the hole. The rubbers are in 
the form of half-bobbins; they seat in the washers and fill 
the annular space between the shank and the spigots. 

A square hole is broached in the boss of each suspension 
arm to accept the leading end of the torsion bar. This 
comprises five leaves of En.45 material, each having cross 
dimensions of 1-410 «0-284 in and an effective 
length of 31jin. Laminated construction was adopted to 
enable the bars to be kept short enough for their rear 
anchorage to be on the sub-frame, a feature that makes 
the front assembly. virtually self-contained. Although the 
bars are of square section, they have to be fitted in a 
prescribed manner, to ensure that the correct basic angularity 
of the suspension arms can be obtained. 

The angular rate of the spring is 16,550 lb-in/radian and, 


sectional 
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Left: The adjusting 
arm on the rear end 
of each torsion bar 
is anchored by means 
of a draw-bolt and 
trunnion arrangement 








since the effective moment arm length is 12-437 in, the 
equivalent rate at the wheel is 107 lb/in. Attached on each 
side to the sub-frame is a rubber buffer of near-conical 
shape. It comes into contact with a dished abutment 
platform, bolted to the upper face of the link, relatively early 
in the upward travel of the wheel above the static load 
position. The buffer thus imparts a varying-rate effect to 
the suspension as weil as acting as a resilient bump stop. 

Angular adjustment of the rear anchorage of the bars is 
provided, to permit the accurate setting of the suspension 
on assembly. The rear portion of each bar passes through 
a hole in the third cross member of the sub-frame, imme- 
diately behind which it fits into the boss of the adjustment 
arm. This arm is pivot mounted by means of a shallow 
spigot on the front face of its boss, which registers in the 
hole in the reinforced rear wall of the cross member. Longi- 
tudinal location of the torsion bar is provided by a plain 
washer and an internal circlip fitted into a counterbore in 
the rear face of the boss. 

The normal position of the arm is approximately hori- 
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Left: A view from above showing the front suspension layout and the 
method of mounting the upper wishbones. Above: The ball-joints of the 
suspension are well sealed, and large rubber bump stops are fitted 


zontal, and its outboard end is forked and drilled to accept 
a trunnion bolt. This bolt is shouldered and its smaller- 
diameter portion passes through a vertical slot in the rear 
wall of the cross member, ahead of which it carries a plain 
washer and a lock-nut, for clamping purposes. The slot 
width is sufficient to accommodate the arcuate movement of 
the bolt. Adjustment of the arm position is effected by a 
draw-bolt, which passes through a threaded hole in the 
trunnion. The head of the bolt is at the bottom and has a 
spherical seating face that bears in a similarly shaped seating 
in a bracket on the cross member. By this means, the bolt 
is made self-aligning, to cope with the angular movement 
of the arm. 

Because of the relatively narrow clamping face on the 
trunnion bolt, a second means is provided for locking the 
arm. It comprises a bolt carried in a short ear extending 
from the boss of the arm and passing through an arcuate 
slot in the cross member wall. As on the trunnion bolt, 
the assembly is completed by a plain washer and lock-nut 
within the cross member. Spanner access to these two 
clamping nuts is through holes in the member. A castellated 
nut, with a split pin, is fitted to the upper end of the draw- 
bolt, to prevent this from being inadvertently screwed right 
our of the trunnion during adjustment. 

Like those of the rear suspension, the hydraulic dampers 
are of Woodhead Monroe manufacture, but they embody an 
auxiliary rubber bump stop. At the lower end of each is 
an attachment eye in which is a rubber bushed sleeve. This 
sleeve is clamped by a bolt between two pressed steel 
brackets; the brackets are bolted one on each side of the 
lower arm of the suspension. The piston rod of the damper 
is extended upward beyond the outer shroud and is con- 
nected by a rubber sandwich type end-fitting to the top 
flange of the large, fabricated bracket already described in 
the section on the sub-frame. 

As stated earlier, an anti-roll bar is fitted to the front 
suspension. It has a diameter of } in, and is installed ahead 
of the suspension assembly; its mid-portion is freely 
supported in rubber bushes attached to the underside of 
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the sub-frame side members. The swept-back ends ter- 
minate in eyes, to which the upper ends of two near-vertical 
rods are attached by means of rubber mountings of the 
sandwich type. The bottom of each rod is attached in a 
similar manner to an ear extending forward from the damper 
mounting bracket on the front face of the lower arm of the 
suspension, 

The principal dimensions of the suspension system are as 
follows: castor angle, nil; camber angle, normally laden, 
+2 deg; camber angle at full bump, — 1 deg; swivel angle, 
+4 deg; offset of swivel axis from centre of tyre contact 
area, 21% in; effective length of suspension upper links, 
7-062 in; effective length of suspension lower links, 12-437 in; 
track change from static load to full bump, +1 in; roll centre 
height, 5$in. The periodicity is quoted as 76 c/min 


Steering 

Since the steering layout of the Rover 3 Litre follows 
normal practice, little comment is necessary. The Burman 
recirculating-ball type steering box has a ratio of 17-6:1 at 
the straight-ahead position of the wheels, rising to 28-5: 1 on 
full lock, and is attached by three bolts to the side member 
of the sub-frame. Its input shaft is splined and carries a 
two-arm spider, to which is bolted a rubber and fabric disc 
that forms a flexible coupling between the box and the 
steering column. The lower end of the column is fitted 
with a spider of similar design for attachment to the 
flexible disc. 

On cars with right-hand drive, the steering box is, of 
course, mounted on the right side member of the sub-frame, 
and the bearing housing for a slave lever is bolted to the 
other member, in a corresponding position. For left-hand 


drive, the disposition of the box and housing is reversed 


ind these components, naturally, are then of the opposite 
hand. Two plain bearings of oil-retaining bronze support 
the slave lever spindle in its housing, the top cover of 
which encloses an adjustable friction damper that is splined 
to the upper end of the shaft. The steering box drop arm 
and the slave lever are both stampings, of 1035 steel, and 
are mounted on tapered splines on their respective spindles 
They project forward of the spindles and, in plan view, are 
cranked in opposite directions, so that they first converge 
and then diverge; this shape is necessary to provide the 
correct geometry for the three-piece track rod. 

Each lever has two bosses, one at the apex of the bend 
and the other at the forward end. These bosses are taper 
bored to receive the ball members of the linkage joints. The 
mid-portion of the three-piece track rod links the forward 
ends of the levers, while the outboard portions of the rod 
are connected to the intermediate bosses. From these, the 
latter portions trail appreciably to the forward-projecting 


Left: Road dirt is 
kept from the Girling 
disc brakes by means 
of shrouds. The discs 
embody a device for 
preventing squeoling 
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steering arms, which are of En.18B steel and are attached 
by two bolts to the swivel members carrying the front wheel 
stub axles. Sealed ball joints, of Rover design, are fitted at 
the six articulation points of the steering linkage, which 
provides an Ackerman geometry 

The nominal toe-in of the front wheels, in the straight- 
ahead position, is zero + ; in, measured between the wheel 
rims at hub height. A turning circle of 40ft has been 
obtained, which is satisfactory for a car of this size; 44 turns 
of the steering wheel are required from lock to lock. This 
latter figure may seem rather high for adequately quick 
response in an emergency, but the variable ratio of the box 
does, in fact, give sufficiently control near the 
straight-ahead position of the wheel; a relatively low overall 
ratio was necessary to obtain the traditional Rover lightness 
of control on a car weighing 32 cwt, of which 54 per cent is 


positive 


a 


carried by the front wheels 


Wheels and brakes 

Pressed steel wheels, each with a five-stud attachment, are 
fitted. The i diameter of 15 in and, as on the 
other models in range, their width is Sin; the use of 
these wide rims is claimed to give enhanced tyre stability 
tyres of 


rims have 


and hence better cornering qualities. Tubeless 


Above: The rear brakes have drums 
of 11 in diameter ind the width 
of the leading and trailing shoes 
. 24 in 1ctuation 


with assistance by vacuum servo 


Sectional view of the hub and 
brake assembly, showing the fulcrum 
adjustment of the brake shoes, and 
the hub bearing and seal layout 
The wheels have a rim width of 5 in 





Each wishbone pivots on a forging attached to the sub-frame bracket, 
the suspension lower links have live pivot spindles. A friction damper 


is mounted on the upper end of the spindle of the steering slave lever 


6-70 in section are standard equipment, but oversize, 7-10 in 
tyres can be fitted if required. 

When the car was first introduced, Girling drum brakes 
were fitted at both front and rear. These brakes had drums 
of 11 in diameter, and the lining width was 3 in at the front 
and 2}in at the rear. Later, however, a change was made 
to Girling disc brakes for the front wheels. 

The discs, which have a diameter of 10-794 in and a 
thickness of 0-567 in, are Chromidium iron castings. They 
embody an anti-noise device recently developed by Girling 
Ltd., which is said to eliminate squeal or grumble. This 
device is extremely simple: it comprises a ring of 35 in 
diameter wire, the ends of which are welded together. The 
periphery of the disc is grooved to accommodate the ring 
which, however, has an inside diameter slightly larger than 
the diameter of the bottom of the groove. Difficulties were 
experienced during the development stages in evolving a 
method of ensuring the correct fit of the ring in the groove, 
but these have now been overcome. It is worthy of note 
that the device has been standardized also on the disc front 
brakes fitted to the Armstrong Siddeley Star Sapphire and 
Humber Super Snipe cars. 

Each brake is equipped with a caliper of the fixed type, 
mounted behind the wheel axis and carrying two segmental 
friction pads, one of which operates on each side of the 


disc. Removal of the wheel is necessary before the pads can 
be changed. The material of the pads is Ferodo DS3 and 
their initial thickness is 4 in, excluding the bonded-on steel 
backing plate. For each wheel, the friction and swept areas 
are respectively 13-7 in* and 128} in¢. 

No change has been made to the rear brakes, which have 
leading and trailing shoes. The lining area per wheel is 
38-9in* and, for comparison with the front brakes, the 
corresponding swept area is 77-8in*. Ferodo AM2 lining 
mater.al is employed. The Girling suspended-vacuum iype 
servo unit, of 7 in diameter, is mounted on a bracket on the 
sub-frame, immediately behind the suspension assembly on 
the right-hand side. In order to avoid the risk of loss of 
braking efficiency in arduous conditions, or in the event of 
the engine stalling, the servo unit is connected to a vacuum 
This is bolted to the inner valance of the right- 
and is exhausted by 


reservoir. 
hand front wing, ahead of the wheel, 
the depression in the inlet manifold. 

Mounted on the front face of the bulkhead behind the 
engine, the brake master cylinder is actuated directly by 
the pedal. A control valve on the servo unit proportions 
the degree of servo assistance to the effort applied to the 
pedal, thereby avoiding too violent a response to light 
application. The diameters of the slave cylinders in the 
brake units are such as to distribute 64-3 per cent of the 
braking effort to the front wheels and 35-7 per cent to the 
rear wheels. It is noteworthy that, with the drum brake 
system, the braking ratio was 66-8 : 33-2. 

A handbrake lever, of the pistol grip type, is fitted below 
the facia panel. It is connected to a stranded steel cable that 
passes round two pulleys, the first with « vertical axis and 
the second with a horizontal axis. Beyond the second pulley, 
the cable runs downward to one arm of a bell-crank lever, 
transversely pivoted on a bracket attached to the underside 
of the toe board. To the other arm of the bell-crank is 
attached a longitudinal rod, which passes through one of 
the sleeved holes in the rear cross member of the sub-frame 
At its rear end, this rod is connected to an arm on a cross 
shaft mounted on a transverse stiffener under the floor. 

The cross shaft is linked by another rod to a slave lever, 
which is located near the axis of the front anchorages of the 
rear springs, in order to minimize road reaction if the hand 
brake should be used while the car is moving. Another rod 


Right: The battery 
has a capacity of 
57 amp-hr, and is 
stowed in the boot, 
on the right side 


Far left: The Burman recirculating-ball 
steering gear is connected to the column 
by a flexible coupling of disc type. To 
the rear is the vacuum servo unit, which 
is of Girling manufacture. Left: Frontal 
lamps are neatly grouped; the sidelamps 
embody indicators visible to the driver 
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links the slave lever with a horizontal balance-lever carried 
on the axle casing; each end of the cross arm of the lever 
is coupled by a rod to one of the rear brakes. The geometry 
is so chosen that the pull on the rods is virtually perpen- 
dicular to the shoe plate. To obviate the need for periodic 
lubrication, the pivots of the brake pedal and hand brake 
system have oil-retaining bronze bushes 


Electrical equipment 

All the electrical equipment, except the sparking plugs, is 
of Lucas manufacture. The 12-volt generator is a type 
C.45 PV6 unit, having a maximum continuous rating of 
300 watts; it is belt driven from the crankshaft, in the 
normal manner, and its ouiput is controlled by the usual 
current-voltage regulator. A combined vacuum and centri- 
fugal automatic ignilion-timing control is employed: it 
1 total range of 16 deg. The standard sparking plug equip- 
ment is the Champion N.5, but Lodge CLN-H plugs are 
installed if the lower compression ratio of 7-5:1 is specified 
A type M.45G starter motor is fitted; the starter pinion has 
11 teeth and there are 105 teeth on the flywheel rim. As 
already mentioned, the battery is the boot; it 
has a capacity of 57 amp-hr at the 20 amp rate 

The side lamps are mounted at the front ends of the 


has 


housed in 


wing 


Lucas 


crowns, and they embody indicators to make them visible 
from the driver’s seat. Below them are the separate amber 
direction indicators, of the flashing type; being of elongated 
shape and mounted on the front quarters, these indicators 
can be seen from the sides as well 2s the front. At the rear 
are the usual lamp units embodying tail and stop lamps, 
ind direction indicators. For the home market, PL.700 
headlamps are installed, and are equipped with 60/40 watt 
bulbs ‘he headlamp specification for the European market, 
however, is the F.700 type of lamp, together with 45/40 watt 
bulbs. It is rather surprising that the standard specification 
of a car of such high quality, and otherwise full equipment, 
should not include a built-in, matched pair of fog and long- 
range lamps 

Included in the equipment are windscreen 
washers, a reversing lamp and a cigar lighter. A practical 
feature of the facia lighting is that it illuminates the switches 
The interior lamps are switched 
on automatically when any dvor ts opened but, in addition, 
operated switch. Although it is not 
to have a lamp illuminating the 
on the Rover the automatic switch 
type. Lucar connections 


standard 


as well as the instruments 


each has its own finger 
unusual for a luxury car 
boot, it is of interest that 
for this lamp is of the mercury 


are fitted throughout the wiring system of the car. 


Alternator 


Preliminary Information Concerning a Robust and Compact Unit for Cars 


was made last year, in the London Show 
Automobile Engineer, he adoption of 
t 


ith 


REFERENCE 
Review issue of 
an alternator for the electrical generation on the Plymo 
Valiant car. In this fact, and of the inc 
interest in the a.c. generator for commercial 

service vehicles, it is noteworthy that Joseph Luc 
recently announced production of an alternator suita 
cars. This alternator is known as the model 2A¢ 
conjunction with the type 2TR_ output- 

intended for vehicles having a greater than ; 

requirement. The main advantages of the juipment 
over its d.c. equivalent are the greater output at low engine 
speeds, the lower weight, and the absence of brush gear 

In its basic design, the Lucas 2AC alternator is compact 
and robust. It stationary output winding 
and a rotating field winding, which is energized through a 
pair of slip-rings. Rectification to d.c. is effected by means 
of six silicon diodes mounted in the end-plate of the 
alternator. These diodes also serve to prevent the reverse 
flow of current, so that a cut-out is not required. A built-in 
fan, of 6in diameter, provides cooling air for the 
and the machine itself. 

The absence of a commutator permits the generator to be 
run at appreciably higher maximum speeds than could the 
corresponding d.c. unit. Consequently, the driving ratio 
can be chosen to give a useful output at speeds down to 
idling. The voltage is held between predetermined limits 


view of ing 


incorporates a 


diodes 


“i 2D 
This 


control 


the type 27R 
init, evolved 
specially for use with 


the 2AC clternator 
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by a transistorized regulator 
current-limiting necessary, since the reactance of 
the alternator is t the current is restricted to 60 to 
65 amps when the unit is cold and 52 to 57 amps when hot, 
to 11,000 r.p.m. The nominal output, 


in the control box. No external 
device 1S 


such tha 


it rotor speeds ol up 
however, is 45 amps at 13-5 volts. 
According to the manufacturers, the 
1 diameter of 6in and a length of 5; in; 
without the cooling fan, which weighs in the region of 4 1b 
For comparison, a conventional d.c. machine for similar 
duties has an output of 35 amps, also at 13-5 volts, and a 
maximum speed of 9,000 r.p.m. It has a yoke diameter of 
4-8 in, is approximately 8 in long and weighs 26} lb without 


2AC alternator has 
its weight is 173 Ib 


its fan 
In spite of 
the alternator, 


rior performance and lower weight of 
in early changeover to a.c. generation on cars 
envisaged by Joseph Lucas Ltd. There are two 
reasons for this: the present d.c. equipment has been 
developed to a relatively high level and is generally satis- 
factory for the outputs normally required; also, its cost is 
lower, though the production of the a.c. equipment on a 
large enough scale should reduce the discrepancy. 


the supe 


1s not 





Cary Laminaire Suspension 


Ingenious Conversion System for Semi-Elliptic Springs, Providing a Progressive Rate Variation; 


Good Results Obtained on Commercial and Other Vehicles 


7 
I OR commercial vehicle applications, the conventional 
laminated semi-elliptic spring has the obvious disadvantage 
of a virtually constant rate. To avoid excessive deflection 
in the fully laden condition of the vehicle, the spring has 
to be excessively stiff for unladen running. Under the 
latter condition, not only does the driver have a rough ride 
but also the vehicle is subjected to severe impact loadings, 
with a consequent risk of the loosening of fastenings and 
even of fatigue failure of components; at the same time, 
wheel hop gives rise to an undesirably high rate of tyre 
wear. Even the use of normal helper springs is recognized 
as being only a palliative, since such springs do not cater 
for intermediate loadings of the vehicle. Also, the change 
of rate as the helper spring comes into action gives rise, in 
some instances, to sudden reactions. 

Various attempts have been made throughout the years 
to solve the problem of combining good laden and unladen 
springing characteristics. In many respects, air suspension 
offers an excellent solution, but its use necessitates extensive 
redesigning, and the cost of the installation is considerably 
higher than that of leaf springs. It is therefore hardly 
surprising that commercial vehicle users displayed consider- 
able interest in the Laminaire progressive suspension con- 
version, when it was introduced by William E. Cary Ltd., 
of Manchester, at the 1958 Commercial Vehicle Exhibition 
in London. 

Since then, many commercial vehicles and trailers have 
been converted to Laminaire suspension, and several trailer 
manufacturers have adopted this system as original equip- 


sic 


This interesting Laminaire installation is on a Ford model D chassis 
which has been modified for tractor work, and fitted with a Scammel 
coupling, by Merriworthy (Engineering) Ltd. The layout resembles that 
of the Albion tractor conversion, which is illustrated on another page 


ment. From the conversional aspect, the system has the 
advantages of relatively low cost and minimal time off the 
road. Few non-standard components are involved, and the 
vehicle need not normally be out of action for more than 
24 hours. 

Laminaire springs were originally intended for rear axles 
of powered vehicles and for the axles of trailers and semi- 
trailers. So satisfactory have been the results obtained, 
however, that they are now being applied to front axles 
also. The range available caters for most vehicles having 
a pay load of } ton or more. Those to which the springs 
have been fitted include passenger vehicles, among them a 
number of ambulances, and the improvement in their riding 
qualities is stated to have been very marked. It is note- 
worthy that the Austin Motor Co. Ltd. permits the installa- 
tion of Laminaire springs without invalidation of the 
guarantee. 

The Cary Laminaire spring is a development of the 
German Schomiacker design, for which the British company 
has a manufacturing licence. In its essentials, the layout 
consists of a special main spring, on the rear end of which 
bears a cantilever support spring, of much lower rate. The 
front end of the main spring fits the existing spring mounting 
bracket and pivot pin. For the pivot bearing, a normal eye 
is formed on the master leaf and, where space permits, the 
second leaf is curled round this eye, as a safeguard against 
failure. 

Although the main spring is longer. by as much as 25 per 
cent than the component it replaces, the longitudinal position 
of the axle relative to the vehicle is unchanged, since only 
the rear of the spring is lengthened. There is no direct 
attachment of this end of the spring to the chassis frame. 
Instead, the end is guided between side plates depending 
from a bracket bolted to the frame, in place of the standard 
shackle bracket. The replacement bracket, which also forms 
the anchorage for the cantilever support spring, is fabricated 
in box form, from mild steel plate. A rebound check is 
formed by contact between the down-curved end of one of 
the main spring leaves and a rubber roller mounted between 
the lower ends of the side plates. 

The support spring is rigidly mounted in a trailing 
position in the bracket, the side walls of which locate it 
laterally. Longitudinal location is effected by a dowel, 
formed on the lower end of the rivet holding the spring 
leaves together: this dowel registers in a hole in the lower 
wall of the bracket. The spring has a short, straight portion 
at its supported end, adjacent to which it is bent through 
a small angle, usually about 25 deg, and then extends straight 
to the rear. It is clamped in the bracket by a cast iron 
wedge, secured by two bolts passing through the front wall 
of the bracket. The lower, or clamping, face of the wedge 
has a ground finish to ensure accuracy of the profile, which 
follows the initial straight portion and the bend of the 
spring. However, the radius of curvature on the wedge is 
continued beyond the point at which the spring becomes 
straight, thus avoiding any heavy concentration of stress 
on the top leaf when the spring is deflected. 

In the unladen state of the vehicle, the radiused tip of the 
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master leaf of the main spring contacts the corresponding 
leaf of the support spring, near its rear end, at an acute 
angle. Beyond the main spring, the end of the support 
spring master leaf is bent downward and forward through 
two right-angles. It thus forms a hook, the purpose of 
which is to limit longitudinal movement of the axle in the 
unlikely event of failure of the main spring eye. The ends 
of the remaining leaves have a truncated taper 

Under !oad, the behaviour of the two springs is as follows 
their initial deflection, mainly of the softer support spring, 
closes the angle between them to zero. Then, as the load 
increases, the line of contact between the springs’ adjacent 
a sliding 
the 


leaves moves forward, but with a rolling and not 
action. Since this movement reduces 
effective length of both springs, it also results in a progressive 
increase in their combined rate. At full load, the line of 
contact intersects the centre-line of the support bracket. 
Because this bracket occupies the position of the standard 
shackle bracket, and because the support spring then has 
zero effective length, the effective length of the main spring 
becomes the same as with the standard layout. It follows 
the suspension characteristics are 


progressively 


that, in these conditions, 
unchanged from their original state, assuming the 


rate ol 


the main spring rate not to have been altered. Moreover, 


Reproductions of 
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ystems 
The support spring 


Jrawings of | 
front and rear s 


B.M.C. ambulan 
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rear suspension conversion, on an Austin 2 to 3 ton 
and longer main spring are clearly visible, 
rebound roller 


cal Laminaire 
The support spring 
the vertic bracket that carries the rubber 


defiection range of the support 


because of the initial low 
spring, the tot 
a worthwhik 
sion. A point worthy of 


beyond the ] 


al available suspension travel is increased by 
nt relative to that of the normal suspen- 
that, over the bump 


the spring 1s 


amol 
comment 1s 
level, 


fully laden 


instressed in bending, though it clearly is 


range support 
taking the reaction 
from the main 

From the accompanying illustrations, it can be seen that 
spring and the re- 
float, and hence 


he springs have 


spring in compression 


there is a small 
bound roller 
chatter, can 
been drawn in the unladen condition of the 
with initial deflection from the 
rebound the main spring contacts the roller before it separ- 
from the spring 
as essential for usé Laminaire 
because of the additional inter-leaf friction of the support 
springs, though be fitted if desired. Likewise. 
helper leaves of conventional design can be, and are, em- 
main springs on applications where it is 


the 
mean 


between main 


that 


gap 
This 


occur 


does not 
leaves T ne 
vehicle, that is, 
posiuon: on 


between the 
free 


some 


Dampers are not regarded 
systems. 


ates support 


with suspension 


they can 
bodied in the 
thought desirable to restrict sway or cornering roll 

The illustrations already mentioned have been 
as typical of a number of cases for which this form of sus- 
One pair shows the front and 
conversions for a B.M.¢ From. the 
viewpoint, an ambulance is by no 

although its loading variation 1s 
a smooth ride 
sick or injured 
often 


selected 


pension should be valuable 
rear ambulance. 
suspension 
neans an 
smaller than that of numerous other types, 
must be provided for the comfort of the 
the same time, rapid travel ts 


designer's 


easy vehicle 


passengers, while at 





essential, and this demands reasonable freedom from body 
roll during cornering. 

The Laminaire springs evolved for this application provide 
a substantial reduction in the average rate over the range 
from the unladen to the fully laden conditions. At full 
load, they are still softer than the springs they replace, but 
at full bump the figures are approximately the same for the 
two systems, though the total deflection of the Cary springs 
is much the greater. As on the standard suspension, helper 
leaves are embodied to resist roll, and the rear suspension 
has telescopic dampers. The difference between the curves 
for the off-side and near-side springs results from the fact 
that the two have a different free camber, to compensate 
for the offset mounting of the engine. This point is, how- 
ever, of no practical importance, since the discrepancy is 
most pronounced below the unladen position, and the 
rebound travel of the springs is relatively short. 

Of the second pair of drawings reproduced, the upper 
illustrates the conversion for the front suspension of an 
orthodox medium-weight commercial vehicle in quantity 
production—the 1958 Austin 2 to 3 ton model. With the 
vehicle unladen, the Laminaire system has a considerably 
lower rate than the standard spring, but in the fully laden 
condition the rate is higher, and it increases progressively 
to a total deflection 1% in greater. Full bump load is con- 
sequently increased by no less than 1,250 lb. 

The other example in this pair, the rear suspension of an 
Albion tractor unit, is noteworthy for the negative camber 
of the main spring, which has a double eye, and for the 
modified method of mounting the support spring. This 
mounting is necessitated by the presence of the guide rails 
of the coupling gear. The far greater light load deflection 
of the Laminaire suspension is clearly shown on the appropri- 
ate graph, and this difference must result in a marked im 


provement in the ride when the tractor is uncoupled or 
towing an unladen semi-trailer. However, over the bump 
range above the fully laden, the rate is 
virtually the same as before. similar Ford 
installation is shown in one of the half-tone illustrations. 
basically a model D unit, but it has been 


posiuon, 


Static 


A somewhat 


The chassis 1s 
shortened and fitted with a Scammell coupling, by Merri- 
Ltd., of Dartford, Kent. Because of 


worthy (Engineering 
was necessary in this 


the modifications to the chassis, it 
instance to drill additional holes for the m« 

Trailers and semi-trailers present much the same problems 
as do tractor vehicles in respect of the rear suspension, 
though wheel hop in the unladen condition is undesirable 
because of its damaging effect rather than for any discomfort 
it may afford the crew. The satisfactory suspension of 
rigid or articulated tank vehicles, too, is notoriously difficult 
Apart from the very high ratio of laden to 
the articulated, frameless 


yunting brackets. 


to achieve. 
unladen weight, and except for 
type, there is the purely structural matter of a rigid tank 


mounted on a relatively flexible frame. If the rear suspen- 
sion beneath the tank is too stiff when the tank is empty, 
the resultant racking of the frame can cause fatigue failure 
of the tank mountings. 

It is therefore apposite that the third pair of drawings 
should be of springs for the duties just mentioned. One 
application is to a Boden 14-ton semi-trailer and the other 
is to articulated petrol and bitumen tank units, manufac- 
tured by Thompson Bros. (Bilston) Ltd. A point of interest 
is that the Boden range of semi-trailers, comprising units 
for loads of 8, 10, 12 and 14 tons, was designed from the 
outset to have Laminaire suspension—for this reason, the 
appropriate graph includes no line for normal springing. The 
progressive stiffening of the suspension with load is again 
No bump stops are fitted, the full dynamic load 

being taken by the main springs, 
which embody helper leaves. 

The big reduction in rate in the 
unladen condition of the springs on 
the Thompson Bros. vehicles is 

the graphs, as is the 


evident. 


obvious fron 
fact that, at and above full load, the 


old and new rates are virtually the 


same. Bump stops were not initially 
fitted to this installation, but it was 


subsequently thought desirable to 


conversion 
ssis. Left 
fitted to an 
‘ mounting of 
support spring is used in this case 


juse of the siting of the guide rails 


ictor; a different 


Load-deflection curves for the Austin and 
Albion springs illustrated above, and for 
their standard equivalents; the right-hand 
graph is that for the Austin springs. In 
both cases, the variation in the rate is 
pronounced, and the layout for the Austin 
provides a big increase in the bump load 
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Right: A range of Boden semi-trailers 
is fitted as standard with Laminaire 
suspension; this example is for the 
14-ton model. Right, below: Springs 
for Thompson Bros. articulated tank 
units for petrol and bitumen loads 
Below are the appropriate curves for 
load against deflection. Those for 
the Thompson Bros. tankers are at 
the bottom; the right-hand graph is 
that for the heavier bitumen vehicle 


Multi-Bank Hydraulic Valve 
HYDRAULIC 


on mechanical handling equipment, but one of the difficulties 
to be 


control systems are commonly employed 
encountered is the tendency for mechanisms in use 
affected when others controlled by the circuit are 
brought into operation. To overcome this problem, Joseph 
Young and Sons Ltd., of Kay Street, Bolton, Lancs, have 
designed and are producing a multi-bank valve assembly 
The layout permits the use of any number of the valves 
in the bank, either individually or simultaneously, without 
any load drop, assuming that the cylinders controlled 
operate below the supply pressure. 

This improvement has been effected by incorporating a 
check valve of special design in the valve the check 
valve is positioned in the pressure line between the valve 
Modified production methods have been developed 
to ensure that the check valve and its associated porting 
have sufficient capacity to generation of heat 
under load. Any number of valves can be built up 
a bank, using only three basic assemblies. The 
design of the spool profile and the hydraulic balance of 
the various valves in the bank are claimed to result in sensi- 
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uuon in the axle travel, since the tanks 
rseas service. To resist the rolling 
1 centre of gravity, the main springs 
an unusually large number of 
helper leas 
Strong evide provided by the various graphs that 
the Laminaire suspension does achieve its purpose of pro- 
viding a progressively increasing spring rate. In this respect 
claimed to compare well with an air 
suspension system. It admittedly lacks the latter’s advant- 
a constant platform height—of benefit mainly in 
yassenger vehicle applications—and of the availability of 
bump travel of the suspension regardless of load. 
In compensation, however, it is less complicated, involves 
the minimum of alteration, and provides an increased total 
tive to that given by orthodox springs 


it can reasonably be 


ages ol 
I 
t 


the full 


sizes of units Is 
45 gal min, at 
Further details 
manufacturers. 


control. A range of 
between 15 and 

up to 2,000 Ib in 
obtained from the 


accurate 


gn of Young hydraulic valve 





GENERAL 


MOTORS V-6 


AND 


V-12 ENGINES 


New Series of Spark Ignition Power Units for Use in Lorries 


A SERIES of V-6 and V-12 petrol engines has recently 
been placed in production by the General Motors Truck 


and Coach Division, of Pontiac, Michigan, the largest 
American builder of buses and heavy lorries. Engines of 
these layouts are, of course, by no means new. The Packard 
Twin-Six, V-12 engine was used thirty-five years ago in 
some American luxury cars. General Motors built an 
experimental V-6 engine in 1950, but with 120 deg between 
the banks of cylinders. This engine was found expensive 
to produce and, on account of its extreme width, very diffi- 
cult to install in the chassis. Both 60 deg and 65 deg V-type 
engines for ordinary and racing cars have been built by 
Ferrari and Lancia, while the Diesel Engine Division of 
General Motors, in Detroit, has had a V-6 automotive diesel 
engine in production for the past year. 

Nevertheless, these new units represent the latest ideas 
in American lorry engine design. Also, the V-6 power unit 
has definite advantages for use in cars. It is, therefore, worth 
while to examine these engines in detail and to look into 
any special advantages they may possess. 


Dimensions and performance 

Given in the Table are the cylinder dimensions, the 
displacement and the power outputs of the engines in this 
new series. Although not listed separately, the model 305 
engine is made up as three different versions; minor 
differences are introduced chiefly to limit the cost of engines 
for use in pick-up trucks and light lorries—in these applica- 
tions the power units are not called upon to develop high 
outputs for long periods. The light-duty unit is referred 
to as the 305A. It is interesting to note that the twelve- 
cylinder engine has been considerably de-rated. It consists 


138 


essentially of two model 351 units, placed end-to-end, and 
should therefore be capable of developing at least 360 b.h.p. 
at 3,400 r.p.m., but is rated at only 275 b.h.p. 

In the case of the six-cylinder engines, the net power 
output, as installed and driving all accessories, is listed as 
from 84 to 88 per cent of the gross power output, and for 
the twelve-cylinder engine, it is 91 per cent of the gross 
output. The model 305 engines have a compression ratio 
of 7-55:1, while all the others have a compression ratio of 
7:50:1. For all these units, the maximum gross torque 
corresponds to a b.m.e.p. of approximately 134 lb/in*, and 
it is developed at a relatively low r.p.m. 


Engine design 

Fully machined combustion chambers are formed in the 
cylinder head. In shape, they are like a shallow basin, with 
pockets for the valves, and there is also a shallow spherical 
depression in the piston. These chambers have been 
developed, as the result of a long series of tests, to afford 
the lowest octane requirement for the compression ratio. 
Combustion chambers of this type, with almost vertical 
valves, are, of course, a compromise between the needs of 
minimum flame travel and an easy entry for the charge. 
Should a valve stick in the open position, it is still clear 
of the piston at its top dead centre station. The sparking 
plugs have been placed between the cylinder banks, away 
from the exhaust manifolds and close to the distributor. 

The pistons are of permanent-mould cast aluminium alloy 
and are of the slipper type, cam ground and tin plated, to 
ensure uniform bearing on the cylinder walls and satisfactory 
running-in. All pistons have a steel expansion-control band, 
and, except those in the 305 engines, they also have a steel] 
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insert in which the top piston-ring groove is machined. 
This insert greatly increases the life of the piston and top 
ring under severe operating conditions. The three com- 
pression rings are 3 in wide, while the single oil-control 
ring is +% in wide. 

Forged steel connecting-rods are employed and the one 
design is common to the whole range. Oil is supplied to 
each small-end bush by means of a hole drilled in the upper 
end of the rod. Both the big-end bearings and the main 
bearings are of M-400 material, supplied by the General 
Motors Moraine Products Division, or the F-77 material of 
the Cleveland Graphite Bronze Company. 


Crankshaft and crankcase 

On the model 305 units the crankshaft is of cast Armasteel, 
while those used in the other engines in the range are of 
forged chromium-alloy steel. Both the crankpins and the 
journals are hardened by the Tocco process. All the crank- 
pias are 2}2 in diameter, while the main journals are 3} in 
diameter. The crankshafts for the six-cylinder engines weigh 
1101lb. An interesting feature of the manufacture of the 
crankshaft is the use of a device to maintain an accurate 
radius and a perfect blend of the crankpin fillets between 
the pin and web. The grinding wheel is dressed con- 
tinuously by a diamond tool, which traverses the wheel and 
swings around its corners while the grinding is in progress 

The crankshaft for the V-6 engines has four main journals 
and six separate crankpins which, as numbered from the 
front end, are spaced at 60 deg intervals from 1 to 2, 3 to 4 
and from 5 to 6, and at 180 deg intervals from 2 to 3, 4 to 5 
and from 6 to l. A firing order of 1-6-5-4-3-2 has been 
adopted. Viewed from the front end, the bank on the left 
contains cylinders 2, 4 and 6, while that on the right contains 
cylinders 1, 3 and 5. 


Counterweights, which occupy all the space available under 
the pistons, are placed on both of the end webs of the 


crankshaft. One large counterweight is placed on the 
central web of the shaft, that is, between numbers 3 and 4 
crankpins. There are smaller counterweights on the rear 


Below: The twelve- 
cylinder engine com- 
prises basically two 
six-cylinder units but, 
of course, with a special 
crankcase and also a 
longer crankshoft 


A total flow through engine, with thermostats open 
with thermostats closed; 
D flow 


B flow through engine 
C flow through radiator, thermostats open; 


through by-pass, with the thermostats open 


Above: Curves showing the water flow 
characteristics. A large capacity pump is 
employed, since it must provide ample 
cooling for the twelve-cylinder as well as 
all of the smaller, six-cylinder versions 
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web of number 2 throw and on the front one of number 5 
throw. 

Except in respect of the position of the oil holes, the 
crankshaft used in the V-12 engine is to all intents a con- 
ventional shaft for a six-cylinder in-line engine. It has six 
fully counterweighted crankpins, on each of which is a pair 
of connecting rod big-end bearings. 

The cylinder block and crankcase of the V-6 is a single 
nickel-chromium alloy iron casting, as also is that of the 
V-12 unit. Its sump face joint is 3 in lower than the crank- 
shaft axis; this arrangement simplifies sealing problems and 
increases the crankcase stiffness relative to that of an engine 
with a joint at the level of the crankshaft axis. The main 
bearing caps are of alloy cast iron and are secured by two 
studs, except for the rear bearing cap, which has four. This 
latter cap fits snugly into a rectangular slot machined in the 
crankcase, in which it is sealed by means of cork inserts. The 
camshaft tunnel is placed conventionally between the arms 
of the V and is drained by drilled oil-holes, placed so as to 
retain a bath of oil into which the cams dip in the tunnel. 
Three oil galleries are drilled throughout the length of the 
block. 


Cylinder head assembly 

Cylinder heads of conventional design are employed. 
They are of chromium-nickel alloy cast iron, and are almost 
identical for all the engines of the range, four being used 
on the twelve-cylinder engines. Individual ports are provided 
for all valves, and the exhaust ports are fitted with pressed-in 
steel valve-seats. Six studs are arranged around each 
cylinder, there being fourteen studs per cylinder head. None 
of the stud bosses is tied to a cylinder barrel: this is to 
avoid distortion of the cylinder bores. 

There is nothing new with regard to the design of the 
For compactness, the single rocker shafts are 
set fairly close to the cylinder axes. Except in the 305A 
engine, all the inlet and exhaust valve springs seat on 
Thompson Products Rotocaps, which cause the valve to 
rotate slightly each time it is opened. This gives a sub- 
stantial improvement in valve life. The tappets are of the 
barrel type and are slightly offset in relation to their cams, 
to encourage rotation and thus to distribute the wear over 
the whole tappet face. They can be withdrawn, for inspec- 
tion, without removing the cylinder heads. Plain tappets are 
used on the six-cylinder engines and hydraulic self-adjusting 
tappets on the twelve-cylinder unit. On the latter it was 


valve gear. 





The two illustrations’above, on the left and right respectively, are of the 
401 and 305 engines. Both have the same stroke but their bores differ 


Left: An unusually stiff, ribbed construction is employed for the exhaust 
manifold of the 401 unit, which develops 205 b.h.p. at 3,200 r.p.m. 


Below, left: A forged steel crankshaft is used in the 351 and 401 engines, 
while a cast Armasteel shaft is used in the 305 unit. Of the three shafts, 
the upper two are forgings, while the lower, on the left, is a casting 


Below: The cams of the single central camshaft dip in an oil trough 


Below: Two illustra- 
tions showing the ar- 
rangement of the 
crankcase and main 
journal bearing caps. 
The sump joint face 
is 3 in lower than the 
crankshaft axis, in 
the interests of stiff- 
ness and simplified 
sealing arrangement 


Automobile Engineer, April 1960 





felt that 24 clearances to adjust might lead to neglect, 
especially as, in certain installations, the rearmost adjust- 
ment devices would be difficult to reach. 

So far as manifolding is concerned, the induction system 
incorporates the usual hot-spot, heated by gases passing 
through an auxiliary exhaust passage between the cylinder 
heads. The carburettor fitted to the 305 engines may be 
either a Holley unit, a Zenith 1} in single-venturi unit, or 
1 1} in Stromberg Duplex, with two venturis, according to 
the type of service. The 1} in Stromberg Duplex carburet- 
tors are used on the 702 engine. Velocity-type governors 
are employed on the smaller engines, while mechanical 
governors, described later, are used on the 401 and 702 units. 
The fuel pump is mounted high up on the engine front 
cover and is actuated by an eccentric bolted to the camshaft 


Cooling system 

Common to the whole range, the water pump is excep- 
tionally large, since it must provide ample cooling for the 
twelve-cylinder engine at its relatively low governed speed 
of 2,400 r.p.m. It is capable of circulating 150 gal/min 
Imperial) through the cooling system. The water leaves the 
pump through two branch-pipes and flows to an opening 
in the front face of each of the two banks of cylinders 
Thence it flows past the cylinder barrels and leaves the 
block through openings toward the rear of the top face. The 
layout of the engine—the crankshaft proportions, the bearing 
widths and so on—is such that ample space for the water- 
jacket core is left between the cylinders; this is so even in 
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Longitudinal section of the engine, showing the layout of the lubrication 
system and the camshaft drive, which is effected by helical gears 
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the 401 unit, which is the largest-bore engine of the range 

To cool the cylinder head, the water enters at the rear, 
and flows at high velocity towards the front, leaving through 
the thermostat housing. Either one or two thermostats are 
used on the 305 engines, according to the service; two are 
used on all the other six-cylinder engines, and three are 
fitted to the twelve-cylinder unit. All these thermostats are 
of the same size and type and are supplied by the Dole 
Thermostat Company. 

Of special interest 1s the 
between the thermostat housing and the water pump intake. 
This ensures that local overheating, owing to lack ol 
circulation during the warm-up period, cannot occur while 
the thermostat is closed. Even when the thermostat or 
thermostats are open, only half of the water flow goes 
through the radiator. At full load, the temperature rise 
through the engine is be 5 deg F, while the 
temperature drop across the radiator is close to 10 deg F 
For this reason, and because of the high rate of water flow, 


use of a large, open by-pass 


stated to 


the engine is exceptionally uniformly cooled. 


Lubrication system 

A large oil pump, with a delivery of 12 gal/min (Imperial), 
is employed for the six-cylinder engines, and an even bigger 
pump delivers oil at 15 gal/min in the twelve-cylinder unit 
In the galleries, the pressure is 601b/in All the pumps 
ire similar in design and have a four-tooth inner driving 
gear within and a five-tooth, idler ring-gear. They are 
each driven by a vertical shaft and spiral gears at the rear 
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Table—cyYLINDER DIMENSIONS AND GROSS POWER OUTPUT OF THE ENGINES 





Model Cylinders BoreX Stroke 


Displacement Maximum gross output 





inX 3°58 in 


305 6 cyl. 
in 3°58 in 


351 6 cyl. 
401 6 cyl. 
702 12 cyl. 





165 b.h.p. at 3,800 r.p.m. 
351°2 in® . at 3,400 r.p.m. 
400-9 in*® - at 3,200 r.p.m. 
702°4 in*® -h.p. at 2,400 r.p.m. 


304-7 in® 








end of the camshaft. The pump is placed low enough in 
the oil sump to be self-priming, and it draws the oil through 
a large screened intake, placed close to the bottom of the 
sump. Before entering the galleries, the oil first passes 
through a full-flow filter, with a treated-paper element; this 
filter has a by-pass valve, to prevent stoppage of the oil 
flow should the element become clogged. 

Attached to and driven from the lubricating oil pump 
in the 401 and 702 engines is the governor. This consists 
of a centrifugally-operated valve, which regulates the supply 
of oil to a pipe leading to a small diaphragm chamber on 
the carburettor. Normally, when the engine is running 
slower than its governed speed, the centrifugal valve is 
rotating at a rate at which it remains closed. As soon as 
the governed speed is reached, centrifugal force causes the 
valve to open, and oil from the lubrication system is 
admitted to the connecting pipe and thus to the diaphragm 
chamber. The diaphragm is pushed over and actuates a 
link to close the carburettor throttles. Although the driver’s 
throttle control also moves the throttle, it does so through 
a spring lever device, so that he cannot over-rule the action 
of the governor. As the engine speed falls below the 
governed speed, the centrifugal valve closes and oil 1s 
released from the diaphragm cylinder. On the 702 engine, 
two carburettors are used and each has its own diaphragm 


cylinder. 


Crankcase ventilation 

For crankcase and rocker cover ventilation, the 305 engine 
has a system such that the forward motion of the vehicle 
draws air and blows by-products out of the engine. Air is 
admitted to the engine through two small air-cleaners, one 
on each side of the cylinder-head covers. Having mixed 
with combustion gases that have found their way past the 
and exhaust-valve stems, it is then drawn out 


pistons 
4 tube that extends downward from the rear end 


through < 
of the crankcase. 

A disadvantage of this system is that no air is circulated 
while the vehicle is standing, or moving slowly. In fact, 
because of convection effects, any air movement is in the 
opposite direction: in these circumstances, the air enters 
the engine through the tube and leaves by the air-cleaners. 

The ventilation system used in all the other engines in 
the range is positive, and operates whenever the engine is 
running. Air enters the crankcase through a paper-element 
air cleaner and is drawn up to the cylinder-head covers 
and through hoses to a valve on the intake manifold. This 
is a double-acting poppet valve, which is spring-loaded to 
seal off the crankcase from the intake manifold while the 
engine is stopped; it also serves to prevent any flame from 
a backfire in the manifold from reaching the crankcase, 
where it might cause an explosion. Under full load con- 
ditions of operation, the valve is drawn from its seat and 
a free path is open for the air to pass from the crankcase 
into the intake manifold. At light load and idling, the 
valve is drawn right across its housing, to seat at the mani- 
fold end; in this position, only a small central hole is open 
to the manifold. In this way, the intake mixture ratio is 
not upset by ventilation air, nor is too large an amount of 
air drawn through the crankcase. 

lo sum up, the main advantage of the V-6 engine is its 
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Cross section of the engine; it would appear that the valve springs are 
of unusual form, presumably to give a rate that increases with opening 


exceptional compactness. What has happened is that bear- 
ing materials are now so robust that it has become possible 
to reduce the overall length of engines, while still main- 
taining adequate space between the cylinders in a V-type 
unit. Engines of this type are easy to install in the chassis 
and access for repair or adjustment is good. The design 
of this series of engines has been worked out so as to 
afford a high degree of interchangeability of parts. 


Repair by Welding 


VALVE stem failure, more common in engines of racing 
cars than in those of other road vehicles, inevitably results 
in considerable internal damage, particularly if the cylinder 


head is of aluminium alloy. Because of the high cost of 
replacing a damaged light alloy head casting, it is common 
practice today to reclaim the damaged component. One 
of the most satisfactory methods is argon-arc welding, 
pioneered in this country by The British Oxygen Co. Ltd. 
The valve seat inserts are first removed and then new 
metal is deposited, as necessary, by the argon-arc process, 
After the combustion chamber has been machined back to 
its original contours, new valve seats are shrunk into posi- 
tion. Further details of the argon-arc process and equipment 
are available from British Oxygen Gases Ltd., a subsidiary 
of The British Oxygen Co., St. James’s, London, S.W.1. 
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Suspension 


Vehicle Vibration 


M. P. Bieniek, D.Sc. (Eng.) 


This paper outlines the analysis of vehicle vibrations, based on the theory of stochastic processes. 


Dynamics 


{nalysed by a Stochastic Process 


The application of 


statistical-probabilistic methods is justified by the essentially random character of the disturbances—roughness of the 


road—acting on the moving vehicle. 


The following parts of the problem are considered: 


a) The mathematical representation of random roughness of the road. 

b) The determination of dynamical characteristics—transfer functions, frequency response functions—of the vehicle. 
c) The analysis of vehicle vibrations from given characteristics of the road and dynamical characteristics of the vehicle. 
d) Methods of statistical determination of displacements, velocities, accelerations and stresses are given. 


One of the serious difficulties in the theoretical analysis 
of vehicle vibration is the problem of the mathematical 
description of disturbances acting on the moving vehicle 
These disturbances are caused by the roughness of the road 
surface. 

In most papers on vehicle vibration, some special types of 
obstacles are assumed, for example, half sine waves, and the 
response of the vehicle specific disturbances is 
investigated. The results of any analysis are highly dependent 
on the arbitrarily assumed shape and dimensions of the 
obstacle and therefore their is limited, even for the 
comparative study of vehicle suspensions. 

New possibilities in the theory of vehicle vibration arise 
if the problem is treated as a stochastic process. The essenti- 
ally random character of disturbances acting on the vehicle 
makes the stochastic methods the most appropriate for the 
solution of many important problems. Some advantages of 
the application of stochastic methods are 
1. The comparative study of different systems of suspension 


to these 


use 


LIST OF SYMBOLS USED 


IN 


gives objective results, not influenced by arbitrariness in 
assuming specific shapes of the road surface 

Objective information on the effectiveness of components 
of the suspension, such as springs and damping devices, 
becomes available 

The mean values of the displacements, velocities and 
accelerations of the body, and probabilities or frequencies 
In relation 


to this, more rational criteria of comfort may be established 


of their extreme values, may be determined 


and applied 

The stochastic methods seem to be very promising in the 
evaluation of the stability and of the vehicle 
motion. To this class of problem belongs, for example, 
the following question: What is the probability that, or 
frequency with which, the wheel will lose contact with 


safety 


the road? 

The application of stochastic methods to vehicle vibration 
study coincides very fortunately with recently developed 
methods of the analysis of the fatigue strength of metals 
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under random stresses. This seems to be of importance 

for the strength analysis of the vehicle components. 

Although the aim of this paper is at reviewing the general 
outlines of the analysis of vehicle vibration as a stochastic 
process it is not intended, or even possible, to discuss all the 
details of the subject. More elaborate treatment of the 
particular problems will follow this general introduction. 
The application of stochastic methods to similar problems 


is not new: they are extensively used in the analysis of 


communications systems, in the theory of control, the theory 
of flight and in other fields. 

The mathematical analysis of the random variables used 
in this paper is based on the article by S. O. Rice'. Principles 
of the analysis of vibrations of a mechanical system may be 
found in the books by S. Timoshenko? and J. P. Den Hartog*. 
The application of the integral transforms is explained in 
the book by I. N. Sneddon‘. A discussion of the response of a 
mechanical system to a random input is given in the book by 
H. S. Tsien®. Aspects of fatigue strength of metals, with 
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Fig. 1. Diagrammatic representation of profiles of a road, measured 
longitudinally along several tracks, for the preparation of Fig. 2 
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Fig. 2. Several measurements of the disturbances, applied by the road 
to the vehicle, combined to form one continuous representation for 
the analysis of the suspension characteristics of the vehicle 
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probabilistic—statistical methods, is 


the application of 
M. Freudenthal and E. J. 


presented in an article by A. 
Gumbel*. 

For the purpose of the analyses of the problems dealt 
with in this paper, the following assumptions will be made: 
1. Disturbances acting on the vehicle are considered as 

stationary random 

The vehicle is considered as a linear mechanical system, 

for example, spring forces are proportional to displace- 

ments and damping forces are proportional to velocities 

Vibration in the vertical plane only will be considered 
and two models of the vehicle will be used: four-degrees- 
of-freedom system, shown in Fig. 3, and two-degrees- 

of-freedom system, shown in Fig. 4. 


Analysis of the road surface 

In the following discussion concerning some general 
principles of the mathematical analysis of the random 
roughness of the road surface, certain aspects requiring 
more careful treatment will be omitted by limiting considera- 
tion to one type of the road and sometimes by applying 
intuition instead of a rigorous argument. If measurements of 
the road surface are given in the formof profiles along several 
tracks selected at random, Fig. 1, and if the number of the 
tracks is large enough and each of them is of sufficient length, 
we may assume that all measured profiles, collected into one 
row, Fig. 2, provide sufficiently reliable statistical information 
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concerning disturbances acting on a vehicle driven along 
that road. 

Ordinates w(x) may be measured from an arbitrarily 
assumed level. We will consider them as functions of time 
w(t), introducing time by the relationship: 

t=—x/t l 

The following quantities and functions are used for the 
description of the properties of w(t): 

a) The time average w: 
- T\2 
— | w(t) dt 
J —T/2 
It is possible to select the reference level such as to make 
0, and this will be done in the following analysis. 

b) The mean square deviation 

~+7/2 

[ te 


Ti2 


c) The correlation function R(7) defined by 
AT 
R(- im T + | w(t) w(t r)dt 
J = Tis 
and having the following properties: 
RO). w? 
If + is large 
R(r w)? 
d) The power spectrum %,(w), defined by: 
Re ie ee ies 
D fw lim T -> 4 =T ZO w hh -T ra 
where 7(w), is the Fourier transform of w/(r): 


w) % 


eta 

w(t) e '* dt 6 
There exist relationships between the correlation function 
and the power spectrum, known as Wiener-Khintchine 
relationships: 


Ww) 


at 
®, (w) =| R(t) cos wr dr 
DP i 


~o & 


| ®,(w) cos wr dr (8) 
~ 0 

In this analysis, principal use will be made of the power 
spectrum ®,,( w) 


R(r) 


Basic solutions of the dynamical problem 

In this section some dynamical characteristics of the system 
will be determined. Suppose that F is some magnitude being 
considered: it may be the displacement of some point of the 
body or axle; it may be the velocity or acceleration of some 
point; it may be the stress in some part of the body or suspen- 
sion, and so on. The following three functions are useful for 
the determination of F under any road disturbances: 

(a) Response to unit input, F*(r). This is the magnitude 
of F, changing in time, caused by a unit road disturbance, 
that is, a road disturbance given by: 

q(t) = 8(t) 
where 4(t) is the Dirac function* 
This is the Laplace transform 


9) 


b) Transfer function F(s). 
of F*(r): 


F(s) | F(t) e-*' de 10 
~ U0 
c) Frequency response function F(iw). This is related 
to F*(r) by the equation: 


-% 


F*(r e *« 


F(iw ‘ dt 


and may be obtained from F(s) by inserting iw for s. 
It is obvious that the above three functions for any magni- 
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tude F may be readily obtained if they are known for a 
displacement Z and rotation ¢ of the body, and displacements 
z, and z, of the front and rear axles, respectively. 

Thus, it is necessary to determine response to unit input, 
transfer function, and frequency response function for Z, 4, 
z,, and z,. For this purpose, the vibration equations of the 
vehicle are considered. It is first done for the simplified 
system, Fig. 4, where: 

Ze — BW, = Wl), 2, =W, = Wt —i 
and only Z and ¢ are unknown. Two equations of motion 
are obtained by applying d’Alembert’s principle to the body 
Considering vertical forces we have 

MZ —K,'(2—¢a—w,) —K,'(2 + $b 

C,'(Z — ¢a—w,) — C,'(Z + $b —w,) =0 12 
and, considering moments with respect to the centre of 
gravity of the body 

1é+ K,'a(2Z —da—,) —K,'b(Z2 + db —&, 

C,'a(Z — da —w,) — C,'(Z + $b —w,) =0 13 
We now apply the Laplace transformation equations (12 
and (13) and obtain: 
[Ms? + (K,’ + K,')s +(C,' + C,'\JZ 
C,/a~+ C,'b)|d=—(K;y's 1 y+ (K,'s 
K,'a - K,'b)s+ (—C,'a- C,'b)|Z 
[Is* + (K,'a? + K,'b*)s 
C,'a? + C,'b?)]¢ 
K,'as — C,'a)&, + 
where Z, ¢, %, and @, are Laplace transforms of Z, 
and w,, respectively, s being the transformation parameter 
Note that equations (14) and (15) are linear algebraic 
equations with unknowns Z and ¢. To obtain transfer 
Z(s) and ds) we assume: 
Ww, = wt (r 16 


; 


K,'bs + C,'b)%, 15 


functions Z(s 


and, consequently: 
w,=w(r—1'2 (tr —li2 17 
and insert into (14) and (15) the Laplace transforms of 
and w,: 
Wy, m W, e oye 18 
By solving now equations (14) and (15) two transfer functions, 
Z(s) and ¢(s), are obtained; and by inserting tw for s, frequency 
response functions Z(iw) and d(iw) are obtained. There 
is no need to write these functions explicitly here. In most 
cases, some approximate frequency response functions are 
sufficient. They are derived by making use of the fact that 
the expression 
[((—K,'a+ K,'b)iw + C,'a+ C,'b)]=0 19 
is very small, as compared to the other coefficients of equations 
(14) and (15). Sometimes it is zero, and approximations 
become exact solutions. 
We have thus: 
C,' + K,'tw C,’ + K,iw)e 
Mats (G2 Ge 
C, aK, atw 


Iw? + (Cy a? + 


(K, +K, \iw 
6b. K, biw)e ‘ 7 
: (K,'a? + K,'b*) os 


C, 


C, 6? 


The first terms of the numerators of expressions (20) and (21 
correspond to the front wheels passing the obstacle; the 
second terms correspond to the rear wheels passing the same 
obstacle. 

Consider now the more rigorous system, shown in Fig. 3, 














Fig. 3. Comprehensive diagram of the vehicle suspension system 


where the masses of the axles and flexibility and damping 
of the tyres are taken into account. As has been mentioned, 
while the simplified system is good enough for determining 
the vibrations of the body, the more rigorous model is 
necessary for investigating such problems as: displacements 
of axles or wheel centres, dynamical forces on wheel bearings, 
pressures between tyres and road surface, the possibility of 
tyre losing contact with the road, and others 

The system has now four degrees of freedom and four 
equations of motion are to be derived. Again, make use 
of d’Alembert’s principle and obtain 

a) Considering vertical forces acting on the body: 


MZ - CZ — da KYiZ 
CiZ~ ob K(Z ~- 4b—z,)=0 22) 
b) Considering moments with respect to the centre of 


da ZY 


gravity of the body 
I¢- C,a(Z — da K,a(Z — da 
C,b(Z - $b K,b(Z - 4b -2, 23 
c) Considering vertical forces acting on the front axle: 
x CA2+-~W, kz ty 
CZ — da KZ —¢a—z,) -0 (24 


d) Considering vertical forces acting on the rear axle 


Miyz, 


M,Z, —CAZ,p—W,) —Rk(2,— 
CZ + ¢b—2,) + K(Z+ 4b —2,) =0 25 

By applying the Laplace transformation to equations (22), 
23), (24) and (25), and inserting for @, and w, the expressions 


18), it is possible to obtain four algebraic equations with 
four unknowns Z(s), ¢(s), Z(s) and Z,(s), which are transfer 


Table—EQUATIONS 26, FOR THE FOUR FREQUENCY RESPONSE FUNCTIONS 
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functions of Z, ¢, z, and z, Then, by sub- 
stituting iw for s, similar equations (26) are obtained for the 


respectiy ely. 


diw), Zliw), Zw 


four frequency response functions Z(10), 
These equations are shown in the Table. 
rather complicated and leads to long expressions. 

On the other hand it is not necessary to operate with such 
that the following 


Their solution 1s 


a high degree of accuracy. It seems 


























consideration leads to simplified solutions. So far as the 
vibration of the body is concerned, that is, Z2( and ¢(iw), 
the system from Fig. 4 should deliver almost the same 
! 
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Fig 4. This simplified representation of a suspension system should 


give almost the same results, so far as vibration of the body is concerned, 
as the more complicated system that has been illustrated in Fig. 3 


results as the system from Fig. 3; the coefficients in the Table 
lead us to expect that small inaccuracies in Z(iw) and 4( 

are of secondary effect on = and 2,(1)—sometrmes even 
uniform motion of the body is assumed for the analysis of 
vibrations of the wheels and axles. Thus it can be assumed that 
expressions (20) and (21) also represent solutions of equations 
26). By inserting these expressions into the third and fourth 


of equations (26) solutions for Z/(1) and Z,(7) are readily 
obtained. 
C, + Kyiw)Z(iw C,a + K,ai 1 Cy + Ry oo 
myw* + Cy + Cy > (Ry + Ky tw sala 
Zo p\lw 
C,+ K,w)Z (iw C,b + K btw) dliw C, -k,tw)e~* re 
mw? + c,+ C,+-(k, + K,)iw e 

Analysis of vehicle vibration 

Given the characteristics of the road surface and the 


dynamical characteristics of the vehicle, it is possible to 
determine behaviour of the vehicle when it is moving at a 
specified velocity. Theoretically, it would be possible to 
solve the protlem of vehicle vibration for w(r), represented 
in Fig. 2, and obtain some diagrams representing displace- 
ments, accelerations, etc., as functions of time. This would 
give the most complete picture of the behaviour of the 
vehicle on the rough road. But it is obvious that such a 
procedure would require a tremendous amount of work, 
and therefore it is unrealistic when using classical methods 
of computation and is difficult when using computers; 
perhaps the easiest way would be by application of electrical 
analogue systems. 

Much simpler, and satisfactory for practical purposes, is 
the determination of the power spectra and some properties 
of interesting components of the vibration. Given the 
frequency response function F(iw) of any magnitude, such 
as displacement, acceleration, on stress, it is possible to 
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of this magnitude from 


determine the power spectrum 9%; 
the known relationship: 

Py(w) ~| Fliw)'*@,(w (29 
where & is the power spectrum of the road disturbances 
The derivation of relationship (29) has been given by Tsien® 

For vertical and angular displacements of the body, and 


for vertical displacements of the axles 


DP lw Z(iw) 7*@ x0 

DPd(w dle 7 0 3] 

?, Z(1w)) 2D (Cw 32 

DL Z (iw) *® 33 
where functions Z(iw), dG Z,(iw) and Z,(t) are given by 
20), (21), (27) and (28 respectively. 


Once the power spectrum for any given quantity F is 
determined, it is easy to obtain the mean square value Fe 
of this quantity: 

ye 
F? Pp-(w) dw (34 

By using relation (34), the mean square values of Z, ¢, z, 
and z, can be obtained. 

It should be noted that the mean square value of a quantity 
gives important information. There exists a formula for 
calculating the average number of times N, per unit time, 
that the quantity F exceeds some given value F,—or, more 
exactly, that FF) -F,, F, being positive— 


N F ) eo a € 
"VF 


where F? is mean square value of Fr 


fe | wre dw 36) 


F,/2F* 35 


Consider a few particular applications of the general 
formula given in this section. 

a) First determine the power spectrum of the vertical 
motion of some point J] of the body, just above the rear axle. 


The displacement of this point is Z7;; and, from Fig. 3 or 4, 
it follows that: 
2,,(t) —Z(t) +- d(nb 37 
and consequently: 
z,)(iw) = Z(iw) + d(iw)b 38 
Using relationship (29): 
®., (wv 2,,(tw)! *D,(w) Zitw A(tw)b 2p 39 


which is the required power spectrum of z It is also easy 

to determine the power spectrum of the vertical acceleration 

of point //. 

From (37) follows:, 
¥,,(t) =Z(1) 4+- dnb 10) 

As is known, differentiation with respect to time results in 

the multiplication by s or tw of the transfer or frequency 


response function, respectively. Thus, the frequency 
response function of the acceleration of point JT is: 

F, (iw —w*Z, (tw) = w*[Z (tw) + diw)b) 11 
and the power spectrum: _ 

®- wD, (w) =v [Zi iw) b)2® 42 


2 
b) Consider now the dynamical force acting on the rear 
spring. By using the assumption that spring force and spring 
deformation are proportional, the relationship is obtained 
S(t) = C{ Z(t) —z,(t)] 43 
S being positive when compressive. 
From (43), come the frequency response function 


S(iw) = C,[Z(iw) —F,(iw)] 44 
and the power spectrum 
P (w C,? | Z(iw) —Z,(iw) *@ 45 


which provide statistical information for the fatigue strength 
calculation of the spring. 

c) Consider now the dynamical force between the rear 
tyre and the road surface, Fig. 3: 
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It is equal to 

P(t) —¢,[z,(t) —w,(1)] 16 
P(t) being positive when compressive. 
The frequency response function is then 


Pliw) =c,{Z,(iw) —2b,(iw)] 17 
where =, (1 | w,(t—I'v) e-* de 
For the power spectrum it is possible to derive tu 
expression 
,(w) =c,? F,(iw) —B,(iw) | 2@ 18 


Given @, 
dynamical contact force. 
approximately, the frequency N, of loss of contact between 
the tyre and the road. It is equal to half of the frequency 
with which the absolute value of the 
larger than the static force P,,. From (35 

o~ 
: ee = ? 
N, >. a . aie ed 
= \ Pp 


it is possible to determine the mean 
Moreover, we are able to determine 


dynamical force 


where 


> 


The factor 2 in the denominator of (49 


only the frequency of the mequality P| ] 0 ofr 


that 


og P., is considered. In the expression (35), the frequency 
of F F. or F F,. and F --F, has been considered 
Conclusions 

The described stochastic approach to the problem of 


vibrations is not more complicated than the 


vehicle \ classical 
only results des 


ae 
methods realistic 


It offers perhaps the 
cribing the dynamical behaviour of the vehicle and the 
i it This treatment should be 


topics require 


¥ : wAnencin 
different factors influencing 





many 
There is no doubt 


roximation 
fined investigation 
that for best results, theoretical considerations should be 
| systems and by 


mpleted bv tests on models and analogue 





High-Speed Cinematography 


THERE are numerous applications of high-speed cine- 
matography in the automobile industry, and the technique 


has been used to solve many problems. However, the 
necessary equipment is expensive and requires expert 
handling. For smaller companies, or those whose need is 
only occasional, John Hadland and Co., Chipperfield, 


Herts, offer a full service on a daily contract basis. They 
are also able to give advice on equipment and technique to 
those about to use the method for the first time. 


Spraying Heavily Pigmented Materials 
A PROBLEM frequently met in spray finishing is that of 
the heavily pigmented material, which readily settles out 
when not being used. Most manufacturers who spray filler 
as part of their finishing process are familiar with the diffi- 
culties that can be encountered after work has been inter- 
rupted for only a few minutes. After leaving the pressure 
container, the heavy constituents settle out in the hose, and 
spraying cannot be resumed without a considerable waste of 
time and material 

Inexpensive equipment that solves this problem is now 
offered by Alfred Bullows and Sons Ltd., who originally 
evolved it for their own spraying work. A Bullows Pogo 
pump is used to feed the spraying material through a stan- 
dard fluid hose to the spray gun, to which is attached a 
Y-piece. From the Y-piece, a second length of hose provides 
a return flow to the pump and hence to the container; the 
material in the container is kept agitated by this constant 
flow and return. This simple arrangement has now been 
in operation satisfactorily at the Bullows factory for over 
18 months. 

The Pogo pump can be used to draw the fluid from a 
mixing or storage tank, or it can be mounted on the existing 
pressure-feed container. It operates off the normal air line, 
using less than 3 ft*/min of air at the relatively low pressure 
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of 301b/in An immediate application for this new 
development will be in the machine tool and simular 


industries, where finishing of castings is carried out on a 
large scale. The address of Alfred Bullows and Sons Ltd 
is Long Street, Walsall, Staffs 


Girling Brake for Tractors 
MANUFACTURE of the Ausco multiple-disc brake for 
tractors has recently been taken over by Girling Ltd. from 
Goodyear Tyre and Rubber Co. Ltd. The Girling version 
of the brake was first exhibited to the public in December 
at the Smithfield Show at Earls Court.. This disc brake is 
weatherproof and is equally efficient in each direction of 
wheel rotation. Although fully enclosed, for protection 
against mud and dirt, it has excellent fade resistance by 
virtue of the large frictional area of the eight rubbing 
surtaces, 

An unusual feature of the brake is its method of actuation, 
which gives a servo effect. Pull on the operating rod causes 
relative rotation between two actuating discs in the brake 
assembly; since these discs are separated by a ring of steel 
balls housed in ramped pockets, the movement causes the 
balls to ride up the ramps, thus displacing the discs axially 
to apply the retarding load. According to the direction of 
wheel rotation, the angular travel of one or other of the 
discs is limited by a stop. The reaction of the braking force 
causes the free disc to tend to rotate with the wheel, thereby 
increasing the riding-up of the balls, and hence the retarding 
force. Excessive self-energization, which could readily lead 
to wheel locking, is prevented by careful choice of the ramp 
angle and of the lining coefficient of friction. 

The Girling multiple disc brake will be made in a range 
of sizes sufficient for all normal tractor requirements. Its 
dimensions are very compact in relation to its energy 
dissipating ability. Details of the sizes and torque ranges 
that are available can be obtained from Girling Ltd., the 
address of whom is Kings Road, Tyseley, Birmingham, 11. 
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SPHEROIDAL 


GRAPHITE CAST (RON 


Its Properties and its Applications in Automobile Engineering 


G. FirzGeratp-Lee 


Is ordinary cast iron, carbon occurs in the form of 
graphite flakes, and most of these flakes are connected to 
one another between the particles of iron, thus causing 
discontinuities in the material and raising stresses, which 
makes it weak and brittle. Although the isolated type of 
graphite in malleable iron is more compact and gives higher 
mechanical strength and ductility, this condition can be 
attained only by extended heat-treatment, which is generally 
limited to light sections. The Mond Nickel Company Ltd. 
is now producing and supplying a cast iron in which the 
graphite is in the form of spheroids, resulting from the 
presence of a small amount of magnesium retained in the 
iron. In this metal, S.G. (spheroidal graphite) iron— 
referred to in this article by its rather more apt alternative 
name of ductile iron—there are no discontinuities, thus the 
properties of the metal, especially toughness, are consider- 
ably better than those of its other ferrous predecessors, and 
there is no limit to the size and nature of the castings 
that can be produced. 

Perhaps the most practical way of describing the 
properties of this remarkable cast iron is to mention the 
fact that a solid, round bar of 1:% in diameter can be bent 
around a radius of 1} in—only about 4 in more than its own 
diameter. In the 4inX} in flat bar form it can be twisted 
through two complete revolutions along its length or bent 
cold around a radius of j in; in none of these conditions is 
there any sign of fracture. Although a true cast iron, the 
material combines high strength, toughness and ductility 
with excellent casting properties and good machinability; 
its modulus of elasticity is high, and it is resistant ro corrosion 
and abrasion. It is in many ways superior to grey cast iron, 
malleable iron, non-ferrous alloys, and cast or forged steel. 
There are five types of ductile iron; they are pearlitic, 
hardened, ferritic, alloyed, and austenitic. These may be 
regrouped into eight grades: as-cast, annealed, annealed- 
high ductility, as-cast and stress relieved, normalized, 
quenched and tempered, surface hardened, and austenitic, 
for example, S.G. Ni-Resist cast iron, produced by the same 
firm. The annealed grade is the most widely applicable to 
automobile engineering, while austenitic is the least, its 
main uses being in power engineering. In Table 1, the 
mechanical properties of ductile iron are compared with 














Table 1--MECHANICAL PROPERTIES OF S.G. IRON, AS CAST AND 
ANNEALED, COMPARED WITH THOSE OF HIGH-DUTY FLAKE-GRAPHITE 
CAST IRON 

High-duty, S.G. tron 
flake-graphite. —————_—_-_——_ 
cast tron As cast Annealed 

Maximum stress, ton in’ 18-22 35-45 24-35 
Yield point, ton/in* —_— 25-35 17-25 
Elongation, per cent nil 1-5 10-25 
Transverse rupture stress, ton in*® 38-42 55-65 55-60 
Compressive strength, ton/in*® 60-65 65-80 48-58 
Compressive yield strength, ton in* o- 32-40 24-32 
Elastic modulus, = 10* Ib in* 18 25 25 
Brinell hardness 210-240 230-280 140-180 
Impact Izod, 10 mm’, notched, 

ft-lb 1 4 12 
Impact Charpy, 10 mm’, 

unnotched, 40 mm span, ft-lb 2 s 70 
Endurance limit, unnotched, 

ton/in*® 8:5 13-18 11-13 
Endurance limit, notched 

0-05 in rad., ton in’ 8 5 82 
Endurance ratio, unnotched 0-4 0-46 045 
Damping capacity ratio 4 2 1 
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those of the normal high-duty flake-graphite cast iron. 
Ordinary as-cast sections, up to 2in in thickness, in 
which the carbon is mainly combined and the structure is 
of ferrite mixed with cementite and spheroids of graphite, 
are made in pearlitic ductile iron, a hard metal with twice 
the strength of grey cast iron. Its properties can be 
improved by normalizing, and the stresses in complex 
castings and in parts requiring maximum stability of dimen- 
sions are relieved by heat-treatment. Ductile iron can be 
hardened by quenching and tempering; the resultant 
properties are shown in Table 2. Although the material 
responds to flame or induction heating, the best results 
and maximum hardness are obtained in the pearlitic or 
normalized grades. The addition of nickel promotes 
hardenability, and 1 to 2 per cent should be specified for all 
castings that are to be given a hardening heat-treatment. 
During annealing, the matrix structure of pearlitic ductile 
iron becomes ferritic, the combined carbon being broken 


80/— 


n2 


n 


Curves showing the 
relationship between 
the elongation, tensile 
strength and the hard- 
ness of ductile iron 


Tensile strength—ton/i 





uw 





down and distributed as graphite spheroids, the resultant 
material having maximum toughness and ductility with 
increased elongation. The presence of nickel makes 
annealed ductile iron stronger, without appreciably affecting 
its impact value or elongation. Adding 1 per cent of nickel 
results in a single metal which has a high strength and 
also elongation and shock-resistance. During the slow 
cooling that follows solidification, heavy sections are partly 
annealed and usually have, as-cast, a structure of mixed 
pearlite and ferrite. 

Special matrix structures for acicular, austenitic or 
martensitic castings—properties of which are also shown 
in Table 2—are developed by alloying certain amounts 
of nickel, molybdenum, chromium or other elements. 
Austenitic ductile irons contain up to 30 per cent of nickel, 
resulting in a material with good mechanical properties and 
corrosion-resistance; other austenitic grades, of the nickel- 
manganese type, are used for their non-magnetic properties 
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Table 2—rTyYPICAL PROPERTIES OF HEAT-TREATED AND ALLOYED S.G. IRON 





Treatment 


Type 





S.G. iron containing about 1 per cent 
Ni, as cast 

Stress-relieved 

Normalized 


2 hr at 550 deg ¢ 
2hr at 850 deg C, air « 
Quenched from 850 deg 
tempered at 350 deg ¢ 
Quenched from 850 deg 
tempered at 500 deg ( 
Quenched from 850 deg 
tempered at 600 deg ¢ 
Surface-hardened 
2-4 hr at 850-900 deg 
6-12 hr at 700 deg ¢ 


Oil-quenched and tempered 


Flame-hardened 
Annealed 


Acicular S.G. iron, about 3 per cent Ni 
and about | per cent Mo 
Austenitic §8.G. iron, 22 per cent Ni 





Izod impact, 
10 mm", 
notched, ft-lb 


0°5 per cent 
proof stress 
ton/tn* 


Tensile 
strength 
ton/in* 


Brinell 
hardness 


Flongation 
per cent 


25 5-35 1-3 220-280 07 


255-35 3 
32-44 5 3-7 


5 220-270 
7 240-300 
47-5-60°5 450-525 
51-60°5 3450-450 


75 5 250-325 
600-750 


140-180 


280-350 
140-200 








as well as for their strength. In acicular irons containing 
nickel and molybdenum, the strength of the material is 
equal to that of high-tensile steel and, when it is normalized 
or quenched and tempered, even higher strengths can be 
obtained. The stress-strain curve of ductile iron resembles 
that of steel rather than that of cast iron, because the strain 
is directly related to the stress up to a definite yield point, 
from which the proof stress can be accurately ascertained. 
This yield point—especially in ferritic ductile iron with 
2 per cent of nickel—is well above that of malleable iron, 
thus the material can withstand heavy loads without 
permanent deformation. 

Taken together with its good yield strength and elonga- 
tion, the modulus of elasticity of ductile iron shows that the 
metal is stiff and with high resistance to permanent defor- 
mation, yet it withstands a considerable amount of bending 
and twisting without appreciable loss of strength. As section 
thickness increases, so the mechanical properties of cast 
metals usually decrease, which is also the case with ductile 
iron, except in that the rate of decrease is very much less 
than with flake-graphite cast irons. This characteristic, 
together with its generally good mechanical properties, are 
the reasons why ductile iron, in massive sections, has three 
times the strength of ordinary cast iron of similar sections: 
the tensile strength of 40-inch sections is about 20 ton/in 

Annealed, ferritic ductile iron has twelve times the shock- 
resistance of ordinary cast iron, other grades also being 
superior but to a lesser degree. So, for impact-resisting 
castings, the fully annealed, ferritic grade—which also has 
an elongation of up to 25 per cent—should be used. As 
with other high-strength ferrous metals, the ratio of limiting 
fatigue strength to tensile strength, that is, the endurance 
ratio, falls with increasing tensile strength, but the fatigue 
strength of ductile iron is initially much higher than that 
of even straight carbon steel. Table 1 also shows that the 
effect of sharp notches, as indicated by the stress concen- 
tration factor, is much less than with steel, so that the 
working fatigue strength of ductile iron is decidedly high, 
making it especially suitable for such parts as crankshafts. 

In the softest condition of the metal, full annealing causes 
carbon to leave the matrix for the spheroids, to form ductile 
ferrite with a Brinell hardness of 150. Soaking for a short 
time at austenizing temperature causes the carbon to enter 
the matrix, resulting, after quenching, in a Brinell hardness 
of 700—this is much higher than the figure for white cast 
iron and twice that for mottled cast iron. Flame or induc- 
tion treatment can produce similar hardness locally. 
Hardness figures between 150 and 700 Brinell can be 
obtained by various oil-quenching and tempering treat- 
ments. Normalizing results in good mechanical properties, 
with a Brinell hardness of about 280. The relationship 
between hardness, elongation and tensile strength is shown 
in the accompanying graph, which is reproduced opposite. 
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Tab!e 3 -PROPERTIES OF °S.G. IRON AT HIGH TEMPERATURES 





Properties Annealed 


Creep strength 10,000 hr) at 
27 deg ¢ 
Stress rupture 


l per cent ir 
5-11 
100 hr at 427 deg ¢ 18 0-240 
1,000 hr at 427 deg ¢ 135-18 0 
100 hr at 650 deg ¢ 17 1 
1,000 hr at 650 deg ¢ 1] ; 
Meltung range, deg ( 1,120 
Thermal expansion (mean values « 10-* per 
deg C), over the temperature range 
20 to 100 deg ¢ 
, 200 deg ¢ 
300 deg 
4100 deg 
500 deg ¢ 
600 deg ¢ 











Ductile iron, in common with most cast irons, is highly 
resistant to abrasion; it also resists unequally distributed 
loads and those involving impact, such as may be 
experienced in heavy-duty gear wheels, in which the 
material has to withstand surface breakdown or tooth 
breakage as a result of fluctuations in load or of impact. 
Even when the lubrication fails, the metal is resistant to 
pitting, scuffing or galling, which in other metals could well 
result from working dry. Nickel-alloyed heat-treated grades 
are the best for gears. The presence of graphite increases 
the damping capacity of a cast iron, giving ductile iron an 
advantage over steel in absorbing vibration. 

The structure of flake-graphite cast iron changes at high 
temperature and the metal suffers gas penetration, with 
resultant internal oxidation and, therefore, growth. Graphite 
spheroids are, however, isolated from one another and do 
not form continuous paths for the penetration of gases, as 
do graphite flake networks. Thus, ductile iron is more 
dimensionally stable at high temperatures and, therefore, 
resists growth better than ordinary cast iron; surface oxida- 
tion is also much less, and high alloy austenitic ductile iron 
is very resistant to heat. As may be seen from its creep 
strength, shown in Table 3, ductile iron is also very suitable 
for medium-temperature work, several of the more highly 
alloyed grades having creep strengths equal to those of some 
alloy steels. These high alloys are very resistant to thermal 
shock—unlike ordinary cast irons—as can be appreciated 
from the following experiment. A 6in flanged gate valve 
of ductile iron was bolted to a steel pipe and heated in an 
oil fire; when it was red hot, at 730 deg C, it was quickly 
quenched with a fire hose. Subsequent inspection revealed 
that there was no damage to the valve, although it was 
tested to three times its rated pressure; the stresses to 
which it had been subjected, however, were so severe that 
the steel fittings were buckled and the steel bolts securing 
the valve to the pipe were sheared off. 

As does that of other metals, the impact-resistance of 
ductile iron decreases with temperature, but its initial 
shock-resistance, and also its resistance to low-temperature 
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Table 4-—-SUMMARY OF FATIGUE PROPERTIES OF S.G. IRON AND OTHER MATERIALS; WOHLER TESTS 
Tensile Fatigue strength, Endurance Stress concen- 
strength, ton tn* ratio tration fact v 
ton /in* notch 
unnotched notched unnotched sensitivity 

Flake-graphite grey cast iron 200 80 60 0 40 13 

S.G. iron, as cast 40-0 18 5 105 0-46 18 

S.G. iron, annealed 30:0 135 13:2 0-45 16 

S.G. iron, quenched from 900 deg C, tempered at 600 deg ¢ 60 5 220 135 0:37 16 

Forged carbon steel 35-0 16.0 80 0-45 20 

embrittlement, arc both much greater than those of ordinary weight. The combination of all these characteristics into 


cast irons: for resisting embrittlement it is even better than 
wrought mild steel. Composition largely governs low- 
temperature properties; annealed, high-ductility ductile iron 
can be used at temperatures down to 0 deg C, but its 
properties can be maintained at even lower temperatures 
by using special alloys: the impact value of austenitic ductile 
iron at room temperature is 28 ft-lb; at —18 deg C it is 
15 ft-lb; at —73 deg C it is 6-5 ft-lb; and at —196 deg C it is 
still 4 ft-lb. Like ordinary cast iron, ductile iron resists 
attacks by alkalis, some weak acids, corrosive atmospheres 
and sea water, the austenitic type being even better than 
the low alloy grades in this respect; the metal can be 
nitrided, machined, welded, or silver soldered; further to 
improve its resistance to corrosion it can be galvanized or 
electroplated, and to make it still more resistant to abrasion, 
hard chromium can be deposited on to its surface; it can 
also be tinned or vitreous enamelled. 

Designing for ductile iron has both its easy and difficult 
aspects. It is difficult in that its various states result in so 
many useful qualities and combinations of qualities, which 
are not always readily apparent, that the designer must 
make himself aware of exactly which type and condition 
best suits his specific purpose; for this care, he will be 
well repaid in economy and efficiency; for example, ductile 
iron freezes at a much lower temperature than steel, thus it 
is more suitable for the pouring of thin castings; although 
grey cast iron has the same freezing temperature, it has not 
the strength and ductility of ductile iron; and malleable 
iron, although it has good ductility, cannot be used for the 
pouring of castings in all ranges of thickness, size and 


Table 5 


SOME TYPICAL GEAR FACTORS FOR S.G 


good design results in economies in both weight and costs : 
expensive forgings and welded assemblies can be replaced 
by castings; accurate castings can save machining costs, and 
the resistance to wear, shock and elevated temperatures 
allows the replacement of more expensive materials for the 
same purposes. 

In the molten condition, ductile iron has all the good 
casting qualities of grey cast iron, and when it is solid it has 
the mechanical properties of steel; thus it can be used for 
intricate castings of light section that are required to with- 
stand high stresses and rough usage. There is practically 
no limit to the size or weight of the products, castings 
having already been produced ranging in weight from 1 oz 
to 50 tons. Designers should, wherever possible, take 
advantage of the opportunity to reduce section thickness 
when changing to ductile iron, as this is made possible by 
its combination of good mechanical properties and excellent 
castability. Complete change of design is often desirable 
and possible, especially when stampings or forgings are 
replaced by ductile iron castings; solid shapes can be 
replaced by hollow designs which eliminate unnecessary 
metal, thus reducing weight and increasing efficiency. 

Owing to its castability and good mechanical properties, 
ductile iron is well suited to the production of pressure 
castings of many kinds, and its resistance to mildly corrosive 
conditions makes it especially suitable for parts which are 
to be used in marine atmospheres. As with all castings, 
those made of ductile iron should be free from sudden 
changes of section, and the design should be such that 
progressive solidification from thinner to thicker sections, 


IRON AND OTHER MATERIALS 





Materials 





Cast irons: 

Malleable cast iron 

Grey cast iron, ordinary grade 
Grey cast iron, high grade 

S.G. iron, as cast 

S.G. iron, stress relieved 

S.G. iron, hardened and tempered 


Cast steel 
0-4 per cent carbon steel 


Direct-hardening steels: 
0-4 per cent carbon steel, normalized 
. 9 9 surface-hardened 

” 9 i *” 9 heat-treated 

3 per cent Ni steel, heat-treated 
9 9 9 9 , heat-treated 

3 per cent Ni-Cr steel, surface-hardened 
24 per cent Ni-Cr-Mo steel, high-carbon, heat-treated 
44 per cent Ni-Cr-Mo steel, heat-treated 


Case-hardening steels: 
Low-carbon steel 
3 per cent Ni steel 
2 per cent Ni-Mo steel 
3 per cent Ni-Cr steel 
44 per cent Ni-Cr-Mo steel 


Cast copper-base alloy: 

Phosphor bronze, sand cast 
~» chill cast 
centrifugally cast 


” ” 





Surface Bending 
Maximum stress stress 
B.S.S stress BLHLF factor factor 

ton/in*® S) Ss, 

300-310 20 140 850 12,000 
821 12 165 1,025 6,000 
821 22 220 1,450 10,500 
— 36 240 1,400 19,000 
—_ 38 240 1,790 19,000 
—_— 55 340 2.500 30,000 
—_ 35 152 1,400 19,000 
En.8 35 152 1,400 19,000 
En.8 35 152 2,800 17,000 
En.8Q 40 179 2,000 24,500 
En.21R 45 201 2,300 27,000 
En.23T 55 250 3,000 33,500 
En.23T 55 250 5,100 26,500 
En.26U 60 269 3,300 36,500 
En.30B 100 444 6,000 49,500 
En.32B 32 140 9,200 40,000 
En.33 45 201 10,500 47,000 
En. 35 55 250 11,000 50,000 
En.36T 55 250 11,000 50,000 

En.39B 85 388 13,000 50,000 + 
1400 PB2 12 69 710 7,200 
15 82 880 9,100 
17 90 1,000 10,000 








The load-carrying capacity of a pair of gears 1s determined by the resistance of the tooth surface to failure and by the resistance of the tooth to breakage 


In British prac- 


tice the figures for S, and S,, are factors inserted in formulae to represent the basic qualities of the gear material, S- being the permissible surface stress along the line of 


contact, while S, is the allowable bending stress 
made for further information. 
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Except for S.G. tron, the data in this Table have been extracted from B.S.S.545:1948, to which reference should be 
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and through them to the feeders, occurs. The pattern- 
making contraction allowance depends largely on the design 
of the castings, the composition of the material and its 
heat-treatment; but, as a general rule, patterns for pearlitic 
ductile iron castings, as-cast or normalized, should have 
contraction allowances of about 1 in 90; for annealed, 
ferritic material from 1 in 120 parts to nil, and for austenitic 
high alloys about 1 in 55 parts. As with ordinary cast irons, 
chills can be positioned at the mould surfaces, to cause 
selective rapid cooling to help to produce sound castings, 
or to provide zones of considerable hardness for with- 
standing particularly severe wear conditions during service 
life. 

Stress relief is effected by soaking at about 525 deg C 
for a few hours; it is a useful treatment for complex 
castings and has little effect on mechanical properties. 
Soaking the metal at about 875 deg C for a few hours and 
cooling slowly in the furnace to 650 deg C, before with- 
drawing, anneals the material to the fully ferritic condition. 
f the cooling between 800 and 700 deg C is not slow enough 
to obtain a fully ferritic structure, this can still be attained 
by keeping the metal at the lower temperature for up to 
8 hours, before continuing the cooling, and then with- 
drawing; this results in maximum ductility and toughness. 
Normalizing is effected by soaking at the same temperature 
and for the same time as annealing, but withdrawing at 
800 deg C, then cooling freely in air; this gives high strength, 
ductility, hardness and shock-resistance. Hardening is 
effected by soaking the metal, as for annealing or normal- 
izing, then quenching it in warm oil from 850 deg C; this 
treatment gives good mechanical properties as well as 
hardness. For tempering after such hardening, the metal 
is soaked at a temperature of from 200 to 600 deg C, 
depending on the properties required, as shown in Table 2 

When ordinary ductile iron is austenized by soaking at 
850 deg C for up to 2 hours, quenching and then tempering 
for 1 hour at 350 deg C, the maximum hardness is obtained 
through any section, resulting in a tensile strength of 
65 ton/in® and Brinell hardness of 400, but elongation 
correspondingly only 1 per cent. The hardness obtained 
by normalizing for 2 hours at 850 deg C is 300 B.H.F., with 
a tensile strength of 55 tons/in*. To obtain the hardest 
surface to the greatest depth the metal should be in the 


pearlitic condition, and contain from 1-5 to 2 per cent of 
nickel; in this state a hardness—up to 750 B.H.F.—very 
much higher than that of white cast iron can be developed 
to a depth of 0-lin. Should the metal be ferritic instead 
of pearlitic, the response is less unless the heating is 
extended or repeated before quenching. When chills are 
used in the mould, the graphite in the grey cast iron under 
the chilled surface of the ductile iron will, on solidification, 
be spheroidal, with the usual high mechanical properties. 
In such cases the castings are put into service either as-cast 
or stress relieved only, because higher temperature treat- 
ment will alter the white-iron layers formed in the casting. 

In automobile engineering, the annealed grade of ductile 
iron, to B.S.S. 2789, Type 2A, is used as much as all the 
other grades put together, although the other grades have 
their specific uses. This grade is particularly suitable for 
the production of clutch pedals, flywheels, differential gear 
casings, back axle housings, gear boxes and housings, 
carriers, straps and selector forks, pedal levers, wheel hubs 
and centres, light and heavy duty brake drums, brake shoe 
segments and cylinders, steering boxes, suspension brackets, 
trailer hitches, tow bar couplings and hooks, rear spring 
supports, torque rod mounting brackets, spanners and hand 
tools, body bolsters for trucks, tyre moulds, fitting machines 
and tyre irons for tubeless tyres, and motor cycle and 
scooter frame lugs and brackets. 

In the normalized condition, ductile iron finds its best 
uses in clutch bodies and plates, heavy duty brake drums, 
brake cylinders, hydraulic cylinders and rams for dump 
trucks, hydraulic jack bodies, cylinders and rams, press dies 
and tools, and die shoes. As-cast, to B.S.S. 2789, Type 1, 
it is employed for hydraulic cylinders and the uses men- 
tioned later for the normalized condition; the annealed, 
high-ductility grade corresponds to B.S.S. 2789, Type 2B, 
and is applicable to flywheels, differential gear casings, back 
axle housings, and gear boxes and housings. As-cast and 
stress relieved, it conforms to B.S.S. 2789, Type 1—with 
the addition of the stress relief in the specification—and 
is used for clutch bodies and plates, heavy duty brake 
drums, and press dies and tools. Clutch plates, press dies 
and tools, and trimming dies, are the applications of the 
quenched and tempered grade, and press dies and tools, as 
well as trimming dies, are made of a surface-hardened grade. 





Booklets on Special Metals 


TWO INTERESTING booklets are now available from 
Henry Wiggin and Co. Ltd., Wiggin Street, Birmingham 16. 
The first of these, “Wilco-Wiggin Thermometals”, gives 
basic information on the wide range of metals with special 
thermal properties produced by the company. In addition 
to a brief description of the properties and applications of 
each grade, there are six pages of technical data, and 
information on fabrication and heat treatment. 

The second booklet, entitled “Brightray-Coated Exhaust 
Valves”, deals with the application of the Brightray treat- 
ment, introduced during the war to improve the service life 
of the exhaust valves of aircraft engines operating on fuels 
of high lead content. Originated by the Bristol Aeroplane 
Co. Ltd., the process can be used either for the treatment 
of valves during manufacture or for the reclamation of 
burnt-out valves. The metal used in the Brightray process 
is an 80-20 nickel-chromium alloy, and the booklet outlines 
the preparation of valves for its deposition, the applicational 
method and equipment, and the subsequent machining. 
Copies of these booklets can be obtained on request from 
Henry Wiggin and Co. Ltd. at the address given above. 
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Twist Drill Standardization 


AFTER many vears of study, a technical committee of the 
International Standards Organization has reached agreement 
on recommended overall and flute lengths for standard types 
of twist drill. With a view to achieving a more consistently 
high standard throughout the size range, the relevant I.S.O. 
Recommendation 301 provides for a more systematic 
schedule of diameter: flute length ratios than those covered 
by the various national standards. In the case of the larger 
sizes of taper-shank drills, the I.S.0O. technical committee 
considered that the flute lengths given in previous standards 
were excessive for most applications; the shorter drills now 
specified are more sturdy, with consequently reduced 
tendency to vibrate during drilling. 

A revised British Standard, B.S. 328: Part 1 1959, con- 
forming to I.S.O0. Recommendation 301, became effective 
on Ist January 1960. Other member countries, including 
Germany, France, Belgium and Italy, are also amending 
their national standards for twist drills in conformity with 
the recommendation. Copies of B.S.328 are obtainable 
from the British Standards Institution, Sales Branch, 
2 Park Street, London, W.1, price 15s per copy. 
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PowerGrip Drives 


Toothed Flexible Belting Now in Use on Automobile Applications 


In THE August 1956 issue of Automobile Engineer, a 
description was given of the U.S. Rubber Company’s 
PowerGrip belt drive system, manufacture of which had 
then recently been undertaken under licence by The North 
British Rubber Co. Ltd., of Edinburgh. The outstanding 
features of the PowerGrip belt are the steel ply base and the 
Neoprene covering, which embodies teeth on its inner face. 





The PowerGrip drive fitted to the Johnson One-20 dumper couples the 


gearbox to the differential unit. It has a reduction of 2:76 : 1 and trans- 
mits a maximum torque of 642 Ib-in at 540 r.p.m. of the small pulley, 
which is flanged to locate the belt No lubricaticn is necessary 


These teeth mesh with corresponding teeth on the pulleys, 
to provide a completely positive yet shock-absorbent drive. 
By virtue of the steel ply, the belt does not elongate in 
service, so no means of adjustment is needed. Lubrication, 
too, is unnecessary, though the presence of normal oils has 
little effect, owing to the resistant nature of the Neoprene. 
The longitudinal flexibility of the belt enables small pulleys 
to be used, if desirable, and results in a high mechanical 
efficiency. 

Since their introduction to this country, PowerGrip drives 
have been adopted for a wide variety of applications, and 
in the automotive field, these uses include both vehicles 
and plant. It is known that several car manufacturers are 
experimenting with the belt for driving the engine camshaft. 
For this purpose, it has the advantages, over other methods, 
of compactness of the drive assembly, quietness of running, 
ind the absence of need for lubrication and adjustment. 
However, the system has yet to go into production for this 
duty, and the first automotive application in any quantity 
is to the main drive of a small diesel dumper. This dumper, 
known as the One-20, is a product of C. H. Johnson 
(Machinery) Ltd., of Stockport, and is powered by a Lister 
air-cooled engine, giving 6 b.h.p. at a governed speed of 
2,000 r.p.m. 

The PowerGrip drive couples the output shaft of the 
gearbox to the input shaft of the differential unit. A belt of 
3in width and }in tooth pitch is employed, and it weighs 
only 0-090 lb/ft run. There are 21 teeth on the gearbox 
pulley and 58 teeth on the differential pulley, giving a reduc- 
tion of 2-76:1. When bottom gear is engaged, the belt 
transmits a torque of 642 Ib-in at 540 r.p.m. of the gearbox 
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pulley and, ignoring the low centrifugal loading involved, 
this results in a belt pull of approximately 385 1b. The drive 
has a centre-to-centre distance of 12-257 in and is enclosed 
in a cast aluminium case. As can be seen from the accom- 
panying illustration, the plane through the belt centres is 
inclined at about 30 deg to the vertical. The driving pulley 
is flanged on both sides to prevent the belt running off. 

Numerous applications of the drives have been made to 
machine tools, and several manufacturers of quantity-pro- 
duced cars are using them on transfer lines. For such duties, 
where a positive drive is needed, the elimination of lubrica- 
tion and adjustment is again an advantage, and the low 
noise level is beneficial to the operators. Another valuable 
asset of this toothed belt arrangement is that the back of 
the belt can be run on plain pulleys, to modify the line of 
the drive or to provide a non-positive drive, for example, 
to a coolant pump. Either a toothed or a plain pulley can 
be used, on an adjustable mounting, to provide the low 
initial tension necessary, thereby giving the designer of the 
mechine a greater latitude in respect of centre distances 
than he would have without a means of adjustment 


D.S.1.R. Technical Digests 


RECENT issues of D.S.ILR. Technical Digests include 

several items of possible interest to the automobile engineer. 

These are listed below, with their D.S.I.R. reference 

numbers and the names and addresses of the manufacturers 

concerned. 

1048: Protecting aluminium sheet from handling damage by 
an easily removable plastics coating. R. A Brand 
and Co. Ltd., Works Road, Letchworth, Herts. 

1056: Gravity conveyor system based on punched steel strip. 
Dexion Ltd., 65 Maygrove Road, London, N.W.6. 

1061: Thermostatically controlled soldering iron. Cardross 
Engineering Co. Ltd., Woodyvard Road, Dumbarton, 
Scotland. 

Manu- 


1068: Roller conveyor embodying a safety feature. 
facturers Equipment Co. Ltd., Sutton Road, Hull, 
Yorks. 


1073: Flexible resistance mat for local heating or temporary 
small furnaces. Electrothermal Engineering Ltd., 27 
Neville Road, London, E.7. 


Small Oscilloscope 


A SMALL portable oscilloscope has been introduced by 
Sciaky Electric Welding Machines Ltd. It is known as the 
Type S.O.1 and is intended mainly for fault finding on 
production lines, for example, on the control equipment of 
welding plant. In spite of its small size and the simplicity 
of its controls, the oscilloscope is claimed to reproduce wave 
forms comparable in accuracy with those of a laboratory 
instrument. 

The Type S.O.1 unit is designed to operate from a 
230-volt, single-phase, 50-cycle a.c. supply, but a tolerance 
of +10 per cent voltage variation is acceptable. Its overall 
dimensions are 5 x 3} x6} in and its weight is only 5b. 
The address of the manufacturers of this oscilloscope 
is Falmouth Road, Trading Estate, Slough, Bucks. 
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Adcock and Shipley, continuous cycling, automatic 


Automatic-Cycle 


milling machine 








View of work table on Bristol-Erickson air-operated indexing unit 


Milling Machine 


Adcock and Shipley No. 1 Machine Equipped with Bristol-Erickson Indexer for Continuous Operation 


lx its standard form the Adcock and Shipley No. 1, air- 
hydraulic actuated machine has an automatic table cycle 
comprising rapid approach, change to feed rate, rapid 
return, and stop. Motive power for the table is supplied 
by twin air cylinders mounted on the cross slide. Control 
of the feed rate during the cutting operation is exercised 
by a hydraulic cylinder, also mounted on the cross slide. 

A new version of this machine is equipped with a 
specially adapted Erickson indexing table to enable two 
components to be loaded at one position of the table while 
two others are being machined at another, diametrically 
opposite position. The control circuit is modified to give 
continuous cycling instead of the standard single cycling 
Now manufactured by the Bristol Tool and Gauge Co. 
Ltd., Bristol, the indexing table is also air-actuated 

On the machine illustrated, the workpieces each require 
two vertical faces to be straddle milled. A gang of four 
cutters is used and the machine cycles in eight seconds, 
giving a potential output of fifteen components per minute 
Operating continuously, the cycle is as follows: 

1) Table rapid traverse to bring work up to the cutters 
2) Rapid traverse rate changes to feed rate for milling 
3) During the cutting period, an air cylinder operates two 

plungers to eject two finished components 

4) When milling is completed, the table returns at rapid 
traverse rate to clear the cutters 
) At the end of the return stroke, the clamps lift and the 
table indexes 60 deg. 
The operator is required solely to load components into 
the fixture after ejection of completed work. 

Machine table, indexing table, clamping, and the control 
circuit are all pneumatically operated. Machine and index- 
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ing tables are completely interlocked and it is impossible to 
start the spindle motor unless the air pressure is available 
for table traverse, indexing, and clamping. Further, it ts 
not possible to start the machine cycling unless the spindle 
is running 

Following the loading station is a safety station at which 
misloading of workpieces is detected and then a checking 
station at which either incorrectly loaded or an oversize 
part will operate a lever and stop the machine. To ensure 
maximum rigidity during the cutting operation, both the 
two components and the table are automatically clamped 
and are released only during the indexing operation. Auto- 
matically ejected parts are delivered into an inclined chute 
A spring-loaded wiper arm located between ejection and 
loading stations removes swarf from the indexing table. 

For precise location of the workpieces, the indexing table 
can additionally be fitted with an outboard plunger. This 
device is used on the machine illustrated, and the plunger 
is arranged to operate on a pitch circle of the same diameter 
as that on which the components are stationed. 

Where the period required for loading can be approxi- 
mated to that of machining, the time saved by this machine 
can be substantial. Total floor-to-floor time is made up of 
three component elements only—rapid traverse, milling, 
and indexing. Although the machine is intended for long, 
continuous production runs it is readily adaptable to batch 
production of a range of different components. The table 
holding the components is secured to the spindle of the 
Erickson indexer by three screws and located by a dowel, 
and can be readily interchanged. By holding a number of 
tables in the tool store, each arranged for a specific com- 
ponent, a changeover of production can be rapidly effected. 
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Measurement of Diesel Exhaust Smoke 


Robert Bosch Smokemeter: A Development Based on Principles Previously Employed by Saurer 


IT wcreasinc public irritation in respect of the black 
smoke, in some instances ejected with the exhaust gases from 
diesel powered vehicles, focuses renewed attention on the 
desirability of accurate means of measuring soot content, 
While unburned fuel droplets may give rise to blue smoke, 
only soot is the cause of the black smoke. Owing to the 
influence of variations in illumination, background and 
memory, the eye is unreliable for the purpose of measure- 
ment, even if it is aided by comparison charts. The effec- 
tiveness of a camera for this purpose is limited because only 
a relatively dark exhaust can be recorded photographically. 
Carbon monoxide content, although varying with the amount 
of smoke, and thus providing a medium for measurement, 
also varies between different combustion systems. More- 
over, the procedure for measurement of the carbon monoxide 
content is complicated and therefore lengthy. 

P. H. Schweitzer in the U.S.A. and the Saurer company 
in Switzerland both developed smokemeters some years ago, 
while the Swedish Volvo company uses a rig that gives a 
light absorption reading expressed in percentage of total 
blackness. Robert Bosch, G.m.b.H., of Stuttgart, have recently 
turther developed the Saurer principle in the design of their 
smokemeter comprising the two components type-number 
EFAW 65 and EFAW 68, the former number standing for 
the accessory case, with an exhaust sampling pump, and the 
latter for the separate evaluating instrument. 

In the Saurer device there are two chambers, used in the 
manner of an hour-glass: water flows from the upper 
chamber to the lower, and in doing so aspirates 1,000 cm‘ 
of exhaust gas through a filter paper. The paper is the 
filtration medium in a unit from which a probe projects 
into the exhaust line, and its discoloration is evaluated 
against a scale. Besides the previously mentioned inac- 
curacies of visual evaluation, the direct attachment of the 
filtering unit to the exhaust line introduces problems with 


Bosch smokemeter accessory case, containing the sampling pump, the 
probe, and the clamps by means of which the components are attached to 
the exhaust pipe; also in this box are the pneumatic trip release and 


packets of filter paper 


No other equipment is needed for sampling 








A pneumatic 


trip lead is taken forward to the driver's position, and the other con- 
nection is that between the pump and the probe in the exhaust tail-pipe 


The sampling pump mounted on the tail-pipe on a vehicle 


regard to condensate formation and unwanted heat, both of 
which lead to the introduction of inaccuracies in the results. 
The instrument is hypersensitive, also, to changes in 
sampling technique and in atmospheric conditions: a few 
millimetres of water column height above that supported by 
atmospheric pressure will produce excessive darkening of 
the filter paper, and the pump will not aspirate properly if 
the depression in the exhaust line exceeds 100 mm of water 
column height. 

With the Bosch smokemeter, these drawbacks are over- 
come by the use of a powerful suction pump to take the 
sample; by locating the filter paper remotely from the 
exhaust line and by photo-electric cell evaluation of the filter 
paper discoloration. Moreover, its development was 
directed toward use on the road as well as in the laboratory; 
accuracy of sampling over a wide pressure range; simplicity 
of operation, to avoid human errors; quick sampling so that 
smoke checks could be made with the minimum interference 
with other traffic, and a price low enough to attract repair 
stations and authorities concerned with enforcement of 
standards. The equipment is housed in two steel cases, that 
containing the sampling pump and accessories measuring 
17-3 x 13-8 x 3-5 in and weighing 19-8 Ib, while the evaluating 
instrument measures 11-8 x 7-8 x 5-9 in and weighs 8-8 lb. 
Only the pump and its allied accessories need be carried on 
the vehicle, for the contaminated discs can be evaluated 
later in the workshop or laboratory. 

The sampling pump has a 330 cm® displacement and the 
filter unit forms a spring-loaded, hinged cover on the intake 
end of the barrel, which is remote from the spring-loaded 
sampling piston plunger. Remote operation is possible by 
virtue of the use of spring force to take the sample. It is 
accomplished pneumatically by manual pressure on a 
rubber air bulb at the end of a 16-5 ft length of hose. Twenty 
feet of hose should cover most requirements but operation 
is satisfactory with even greater lengths, if they are needed. 
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Pneumatic control is effected through the medium of a 
spring-loaded auxiliary piston, seating against the outer face 
of the inner cover of the sampling cylinder and operating 
in its Own concentric cylinder, which forms the outer cover 
of the sampling cylinder. A flexible annular diaphragm 
clamped to the crown of this auxiliary piston can be inflated 
by hand pressure on the air bulb, the air entering through 
a passage through the piston, into which the nozzle is 
screwed, Normally, spring loading of the auxiliary piston 
keeps this diaphragm fiat between the surfaces, but the 
pressure exerted by the inflated diaphragm against the inner 
cover of the main cylinder forces the auxiliary piston away 
from it. 

The sampling piston rod passes through an axial hole in 
the auxiliary piston, and a knob, for manual operation, is 
fitted to its outer end. A locking device is incorporated to 
hold it at the end of its stroke, to set it ready for operation. 
This device comprises a ring of balls in an annular groove 
in the axial hole in the auxiliary piston. Normally, these 
balls are held in their groove by the proximity of the surface 
of the rod. However, when the rod is fully depressed and 
the main sampling piston is at the end of its inward stroke, 
the groove that contains the balls registers with a similar 
groove round the piston rod; the depth of this latter groove 
is fractionally less than half the diameter of the balls, which 
therefore are free to enter it. When the hand pressure on 
the piston rod is released, a return spring tends to withdraw 
the sampling piston. The initial motion of the piston carries 
the balls into a smaller diameter portion of the groove in 
the auxiliary piston; the depth of this smaller diameter 
portion is fractionally more than half the diameter of the 
balls. Thus, the balls are locked in the groove in the rod, 
and the piston cannot move any further. 

When the air bulb is squeezed it inflates the flexible 
diaphragm on the crown of the auxiliary piston, moving 
this piston axially, against its spring loading. Because of 
the restriction the filter unit offers to the inflowing gas, the 
sampling piston cannot move so quickly as the auxiliary 
piston; therefore, the movement of the auxiliary piston 
brings its larger groove into line with the groove in the rod. 
This permits the balls to escape from their locking position, 
so that the sampling piston, under the influence of its 
return spring, can move to the outer end of its cylinder, 
thus aspirating the sample of gas through the filter paper. 


Shown in the illustration above is the evaluating instrument, with its photo-electric cell probe and a darkened filter paper 


To obviate condensate and heating interference, a 600 mm 
long pipeline, having an internal diameter of 6 mm, carries 
the sample from the exhaust pipe probe to the filter disc. 
The probe is inserted in the end of the exhaust pipe and is 
located by a U-shape spring, which bears against the 
exhaust pipe walls. It inhales the gas, through a sleeve, in 
the opposite direction to the main flow in the exhaust pipe. 

For taking a sample on the road, the pump cylinder is 
clamped to the exhaust pipe by a single wing-nut, the filter 
paper is inserted in the cap and the sampling piston’s 
plunger is depressed against the spring until the locking 
device operates. The probe is inserted in the exhaust pipe 
and the air hose is led to the driver’s cab. At the requisite 
moment, the squeezing of the air bulb releases the plunger 
und the sample is then available as soon as the vehicle is 
halted. 

The evaluating instrument has 
probe containing a light source within an annular photo- 
electric cell, both being housed in the terminal orifice of the 
probe. Over this orifice is placed the exposed filter paper, 
which partially absorbs the light from the source, the 


a plug-in photoelectric 


amount of absorption varying with the discoloration of the 
paper. 


electric 


The rest of the light is reflected into the photo- 


cell and forms the basis for measurement of the 





The diagram below 


is of the sampling pump, the main piston in the upper half of which is locked in the fully depressed position, ready for taking the sample, and that 
the lower half is in the released position, with the auxiliary piston pushed back against its return springs by the air pressure behind the diaphragm 
After the insertion of a new paper disc, the filter unit, shown pivoted ready for this operation, is swung back into line with the sampling pump 
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smoke content of the exhaust. A micro-ammeter measures 
the current flowing through the cell, zero on the calibrated 
scale indicating reflection from an unexposed filter paper 
and 100 representing total blackness. It has not proved 
necessary to check intermediate calibration, which would, in 
any case, be almost linear. 

A 4-5-volt dry cell located within the casing supplies the 
evaluator. This cell has a life of several months. In the 
laboratory, the instrument can be operated from a 12-volt 
vehicle battery supply, through a voltage cut-down resis- 
tance; therefore, no provision has been made for mains 
operation. This helps to keep the cost down. The cable 
and the photoelectric probe can be housed within the casing, 
for ease of transport, and a cover is provided to protect the 
photoelectric cell when not in use. Response should not 





fall off for many years, provided that the cell is not exposed 
to a temperature of more than 80 deg C. 

Certain precautions are desirable in laboratory use, where 
precise results are usually desired. The 600 mm sampling 
line should be installed so that a portion of the line rises; 
in repeated sampling this will prevent condensate from 
reaching the filter paper. If the pressure in the laboratory 
exhaust line is above that of the atmosphere, a shut-off 
valve is desirable to prevent soot deposit on the paper before 
sampling, owing to minute leaks; it is even more convenient 
to install a venturi between exhaust flanges so that sampling 
can always occur at sub-atmospheric pressures. Location of 
the sampling point is not critical, although a sharp bend 
might introduce unwanted scatter, which is normally held 
within +2 per cent of full-scale deflection of the pointer. 


Pitch and Roll Indicator 


4 Simple Recording Instrument, the Traces from Which Can be Quickly Interpreted 


’ 

Sosecrive assessment of the ride given by a motor 
vehicle has several disadvantages, of which the most serious 
are probably the absence of quantitative criteria, the 
differences between individual reactions, and the unreli- 
ability of memory. Any objective method, involving 2 
system of recording accelerometers, necessitates elaborate 
experimental equipment, and the subsequent analysis of the 
records is laborious and lengthy. 

Because of these difficulties in ride assessment, Toledo 
Woodhead Springs Ltd., of Aycliffe, Darlington, has intro- 
duced a pitch and roll indicator of an essentially simple 
nature, the records of which can be interpreted almost 
immediately after they are made. The apparatus was 
designed by Plint and Partners, and its simplicity results 
from a decision to concentrate only on pitching and rolling 
motions. It was considered that these were among the most 
important factors in the investigation of riding qualities, and 
that for certain investigations little would be gained by the 
added complication of recording yaw or accelerations in the 
longitudinal, lateral and vertical directions. 

The essence of the indicator is a gyroscopic pendulum, 
freely suspended with its axis vertical. Any pitching results 
in a longitudinal movement of the pendulum relative to the 
vehicle, and rolling produces relative lateral movement. 
The pendulum is housed in a cast aluminium case, which is 
firmly mounted in the vehicle. Spark-sensitive recording 
paper, from two rolls carried on the indicator, is fed 
horizontally beneath the tip of the pendulum both longitu- 
dinally and laterally, one strip overlapping the other. When 
a record is to be taken, pressure on a button causes sparking 
to occur between the pendulum tip and the table over 
which the paper passes. The frequency of the sparks is 


British Standard, S.A.E. 


BY MEANS of a newly-published set of tables, B.S.3179, 
Part 1, 1959, ready comparison can now be made between 
British, American and German standard specifications for 
the compositions of wrought carbon steels. The tables have 
been issued by the British Standards Institution to meet 
the demands of both manufacturers and users of steel. For 
easy reference, the steels are listed in ascending order of 
maximum carbon content, thus bringing, as far as possible, 
similar compositions into close proximity. The British 
Standard, the S.A.E. and the DIN numbers are given, with 
the type of product for which the steel is used, its carbon, 
silicon, manganese, sulphur and phosphorus contents; any 
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In this view of the 
Toledo Woodhead- 
Plint pitch and roll 
meter, the pendulum 
and the two rolls of 
recording paper, 
which feed at right- 
angles to one another, 
can be seen clearly 





30/sec, and they produce a dotted trace on both charts 
simultaneously. Thus the transverse chart records the 
amplitude and frequency of any pitching, and the other 
records the information concerning roll. This ingenious 
method of simultaneous recording in two directions is the 
subject of a patent application. 

A Varley 24 volt accumulator, of the so-called dry type, 
supplies the current for the motors of the gyroscope and the 
paper feeds, and for the sparking equipment. The scale of 
the records is 4mm /deg and 20 mm/sec, and the maximum 
recordable amplitude is 6 deg on either side of each datum 
line. Measurements of 14} x 145 x 16 in high are quoted for 
the Toledo Woodhead-Plint indicator, which weighs 30 lb. 


and DIN Specifications 


additional information is given in a remarks column. 

This publication is Part 1 of a series of comparison tables 
authorized by the Iron and Steel Industry Standards Com- 
mittee and prepared in collaboration with the British Iron 
and Steel Federation, in order to meet a demand for a 
concise form of comparison between British and overseas 
standards. Part 2 of this standard, dealing with the 
chemical compositions of alloy steels, will be issued shortly, 
and an additional table, or tables, based on tensile properties 
will follow. Copies of this Standard can be obtained from 
the British Standards Institution, Sales Branch, 2, Park 
Street, London, W.1, price 6s. Postage will be charged extra. 
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Brake Design Considerations 


{n Approach Based on the Concept of a Centre of Pressure for the Reaction 


Between the Shoe and the Drum 


R. M. OLDERSHAW, B.Sc(Eng.), M.Eng 


ir the article by J. G. Robinson, which was published in 
the September 1959 issue of Automobile Engineer, applica- 
tion of the work of F. A. S. Acres, and shoe factors are 
determined for various geometries of the brake shoe, 
assuming a cosine law for the pressure distribution around 
the shoe. The following is an alternative approach, and 
the case of the Lockheed leading shoe (Morris Oxford) is 
worked out in detail. This approach is based on the concept 
of a centre of pressure for the reaction between shoe and 
drum, and on this basis the limitations of the theory, owing 
to lining lift, are determined. The basic formula for shoe 
factor, due to J. G. Robinson, is accepted, but the alterna- 
tive approach that will be outlined shows how the con- 
clusions concerning position and length of lining become 
modified. This is the only purpose of this report, and no 
attempt will be made to cover any other considerations that 
contribute to brake design. 


Key to symbols used 

For convenience, the symbols used will be the same as 
those employed by J. G. Robinson, with a few additions 
The following list is given for reference: 
1 Centre-line of the brake 


OX Centre-line of the arc of lining represented as MN 
OD Diameter of the construction circle. D les on OX 
K Centre of pressure 
r Shoe up load 
R Resultant reaction of drum 
T Tangential force acting at a distance equal to drum 
radius from the centre O 
F Shoe factor- T/P 
/ Drum radius 
Angle COX 
1 Half angle subtended by lining arc MN at centre O 
Angle of friction 
Coefficient of friction, tan £ 
l Parameter which determines the diameter of the 


construction circle, as OD = Ip 

k Parameter that determines the distance apart of the 
operating and abutment forces, as EH = 2kp (Applic- 
able to floating shoe) 


b,c,d Dimensions in a floating shoe, which determine the 
positions of resultant reaction and abutment reaction 
relative to brake centre-line OC 

n Angle that R makes with OX 

6 Angle XOW, where OW is the direction in which the 


shoe moves when the brake is applied (Maximum 
pressure line) 

Angle with OX, which gives a limit on the position 
of K 


Construction circle 

J. G. Robinson refers to the construction circle, and this 
is the starting point of the work considered in this report. 
Referring to Fig. 1, the diameter of the circle OD is on the 
line OX which is the centre-line of the arc of lining. One 
of the most valuable contributions by F. A. S. Acres was 


* Group Leaders, Research, Lockheed Hydraulic Brake Co. Lid 
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his determination of the diameter of this circle for various 
conditions of operation 

On the assumption that the brake drum and shoe are rigid 
whilst the lining is elastic, the pressure distribution around 
the lining arc follows a cosine law. If OD=lp, the value 
of lis given by 

2 sin 3 
! 1 +4 sin 22 

This condition is generally suitable as a basis for design. 
F. A. S. Acres represents the centre of the shoe, originally 
coincident with the centre of the drum, as undergoing a 


small displacement, to O', so that v-=OO’. The direction 
of this displacement is OW, which is the line of maximum 


(1) 


Fig. 1. Right: The result- 

ant reaction R on the arc are 
of the lining GH passes > 
through points K and P on 
the construction§ circle 


Fig. 2. Below: On a ee 

floating shoe, the three pe a 
forces are parallel. in a] 
this illustration, the 

resultant reaction R, 

passing through the va 
centre of pressure K, is ' 
shown for a leading shoe 


‘oe. 


~ 
— 4 
i 
€ 











Fig. 3. This graph shows 
the parameters for lining 
arcs, and can be used to 
facilitate computations 


Fig. 4. This curve of F 
plotted against yw is 
sometimes known as the 
stability curve. It holds 
good only between the 
limits given by the two 
equations 7 and 8 


This line is fixed by angle 4 XOW, where 


21+sin2s 
tan 46> ———-——1an (B~v) (2) 
22 — sin 22 


pressure. 


Properties of the construction circle 
The line of action of the resultant force R, of the drum 
on the shoe, cuts the construction circle at K and P, as 


indicated in Fig. 1. It was shown by F. A. S Acres that 
the angle of friction £ YOZ. Furthermore, the angle 
is equal to the angle subtended at any point on the con- 
struction circle by chord OP. It is useful to consider point 
K, then £8 ORP. 

K is known as the centre of pressure. The force R always 
passes through K, and the locus of K is the construction 
circle. The centre of pressure is thus fixed by the quantities 
l and £. For convenience in computations, use can be 
made of the graph shown in Fig. 3, where 1 is plotted 
against 22, thereby giving the diameter of the construction 
circle. 


Shoe factor 
Consider now the application of equation (1) to a leading 
shoe of the floating type. Since the three forces are all 
parallel to the brake centre-line OC, as shown in Fig. 2, 
v¥-¢and ..KOC=8. 
Then Txp=Rxd 
and Px2kp=Rxc 
. .Shoe factor F 4 = 
rr Ur 
Now, d=OK sin 8=OD cos (8~¢) sin 8B 


lp cos (8 —@) sin 2; 
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d=b }, and so it follows that 
2klp sin 8 cos (2~¢) 
b—Ip sin B cos (2~e) 
2klp 
b cosec B sec (B~0) —Ip 
The formula for a trailing shoe is: 
2kiIp 
b cosec B sec (B~%) +p 
Consider now the particular case, of a leading shoe, when 
EO—OH. Let b- kp; then a formula identical with that 
derived by J. G. Robinson is obtained: 
2 
F = — (5) 
k 


lp cos (2~) sin 


and, c b 








cosec 3 sec (B~«) 
Limitations of shoe analysis 

All the preceding results are based on the assumption that 
the lining is in contact with the drum over the complete 
length of arc MN. This will not be true if the direction 
OO’ in which the shoe moves, is such that the lining lifts 
at one end. In this case, the preceding formulae will stll 
apply if only the effective lining arc is considered. 

In generai, if lining lift is to be avoided, 

#+a< 90 deg 
When the limit is reached, say, 
B~y=) 

from (2), 
22— sin2a_ 
75 4-sin 22 cot 

This sets limits on the possible location of the centre of 
pressure on its locus; these are indicated in Fig. 2 as K, 
and K.. The function for » is plotted in Fig. 3. 

Now, “«=tanf 

and if ¥—¢ (for a floating shoe) 

the position of K, gives: 

u(max)=tan (9+) ; ‘ (7) 

and the position of K, gives: 

“(min)=tan (¢—") .(8) 

Equations (7) and (8) set limits on the coefficient of 
friction between which it can be accepted that the usual 
shoe factor formulae apply. 


tan | 4 ; .(6) 


Wear considerations 

The cosine law for pressure distribution is, to a large 
extent, backed up by wear patterns observed in practice. 
Theoretically, maximum material will be removed at the 
position of maximum pressure, shown as OW in Fig. 1. 
A designer should, therefore, endeavour to make the position 
of maximum préssure coincide with the centre of the arc 
of lining since, otherwise, wastage of material will occur 
owing to the poor wear distribution. If this condition is 
to be satisfied, OW coincides with OX, so #—0. Then from 
equation (2) it follows that 6=v. 

For a floating shoe, »y—9; therefore, for good design, 
make ¢=/. Then OK coincides with OX, that is, the 
centre of pressure lies on the centre-line of the arc of the 
lining. Thus, given the coefficient of friction of the lining, 
the position of the lining on the shoe is fixed. 


Calculation of shoe factor 
The Lockheed leading shoe of a Morris Oxford front 
brake has the following dimensions: 
p— 4-50 in 
b — 3-38 in 
k=0-751 
22= 110 deg 
o= 17 deg 
In this case EO=OH, and so equation (5) gives the shoe 
factor for different values of 8. The result is plotted, in 
Fig. 4, as F against “, sometimes known as a stability curve. 
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Fig. 6. Left: This graph, showing the 
effects in change of position of the 
lining, demonstrates that shoe factor 
attains its maximum value when 


Fig. 7. Right: Curve demonstrating the 
effect of changing the length of the 
lining when the trailing end is fixed 


Fig. 5. Curve showing 
the effect of the 
change in length of 
the lining, if the 
centre-line s ina 
constant position 


The curve is only true between the limits given by (7) 


These work out to be: 
« (max) = 0-589 
« (min) = 0-061 
The lining material for which the brake geometry is suited 
has a coefficient of friction given by “= tan 0-309. The 
shoe factor is then 1-25. 


Effect of length of lining 
Using the above data, the effect of changing the lining arc 
22 can be investigated. All other factors are kept constant 
at the following values : 
u=0-309 
p=4-50in 
=17 deg 
k=0-751 
Again, equation (5) gives the shoe factor, and the result 
is plotted, in Fig. 5, on a base of lining arc 27. Since #=0, 
the limits in this case occur at 7»=0 and «=90 deg. The 
conclusion is that the greater the lining length the greater 
is the shoe factor. 


and (8). 


Effect of position of lining on shoe 

The position of the lining on the shoe was determined by 
wear considerations. From the point of view of perfor- 
mance, differentiation of equation (3) with respect to ¢ and 
equating to zero shows that shoe factor is at a maximum 
when &=0. This is demonstrated by the graph in Fig. 6. 
The same geometry as above has been applied, with 0-309 
and 2x7=110deg. Then the curve reaches a maximum when 
o—B8=—17deg. The conclusion is that there is an optimum 
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lining position, given the coefficient of friction; moreover, 
at this position, performance is a maximum whilst the best 
wear distribution is obtained. 

It may be noted that limits should once again be applied 
to the range over which the formula used to plot Fig. 6 is 
valid. 13-5 deg; also 8=17 deg. Then 
the maximum value of ¢ is 8+"-= 30-5 deg, and the mini- 
mum value is » = 3-5 deg 


From (6) we have : 


Effect of length of lining with trailing end fixed 

It is sometimes supposed that a lining should be fixed as 
near as possible to the trailing end of the shoe, although 
the preceding arguments demonstrate that this is not the 
correct approach. Nevertheless, it is of interest to fix the 
position of the trailing end of the lining arc N, and then 
investigate the effect of changing the length of arc 22. 

Using the same geometry as before in all other respects, 
we have ¢=72-2deg. Then the result can be calculated, 
for 17 deg, from equation (5). The graph in Fig. 
shows the effect on performance. From this it is evident 
that the maximum shoe factor of 1-25 is obtained when 
2x — 110 deg, this being the original geometry most suitable 
for «—0-309. 

The limits in this case are obtained as follows. We have, 

?+; hence, for 17 deg and «= 72 — 2 deg, the limiting 

values of 2 are given by 2—5Sdeg= +». The solution of 
this is obtained with the aid of Fig. 3, giving the limits as 
27 = 86 deg, and 135 deg approximately. 


Conclusion 

On the basis of these considerations, for the Lockheed 
brake with floating shoes, it is desirable for the centre of 
pressure to lice on the centre-line of the arc of the lining; 
only in this way can maximum theoretical performance and 
best wear distribution be achieved. This conclusion would 
need some modification when taking into account such 
things as abutment friction, shoe flexibility and other 
practical limitations. 

The position of the centre of pressure is dependent on the 
coefficient of friction, which itself is a variable depending 
on operating conditions. It is necessary for the designer 
to choose a value for the coefficient of friction which he 
thinks will be an average during the life of the lining when 
it is Operating under the given conditions; then the lining 
can be positioned accordingly on the shoe. When 
calculating stability curves for a particular brake, due 
account must be taken of the movement of the centre of 
pressure. If the movement exceeds given limits, the usual 
design formula is invalid. 
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New Plant 


Recent Developments in 


Ox the “Dormer” point-thinning machine, recently intro- 
duced by the Sheffield Twist Drill and Steel Co. Ltd., 
Summerfield Street, Sheffield 11, only one size of wheel is 
used for all types of thinning and no special shaping of 
the wheel is necessary. Symmetrical modification of the 
drill core is produced automatically. The capacity of the 
standard machine is two-flute drills from +s in diameter to 
3in diameter, with straight or spiral flutes, straight or taper 
shanks, and overall lengths up to 24in. Provision can be 
made to accommodate drills of greater length on request. 

During grinding, the drill is held stationary and is 
supported at the point by a conical rest and located by a 
vee end-stop. A tailstock centre, either male or female as 
required, supports the end of the shank. The complete 
holding unit is swivel-mounted on a slide, thus providing 
universal positioning of the drill. To facilitate the operation, 
setting positions to produce the manufacturer’s recom- 
mended core modification are clearly marked for each drill 
diameter. 

An 8in diameter x } in grinding wheel is used; driven by 
a totally enclosed 4§h.p., 3,000 rev/min motor. The wheel- 
head assembly is mounted on a pivot, enabling it to be 
manually swung through the drill flute. Feed is automatic; 
each time the wheel is swung through its arc of movement 
it is fed forward 0-003 in by a ratchet device. After one 


Dormer drill point-thinning machine 
(Sheffield Twist Drill and Steel Co. Ltd.) 





and Tools 


Production Equipment 


side of the drill web has been ground to the desired depth, 
a stop is locked in position to ensure that the identical depth 
of thinning is repeated on the other side of the web. Correct 
shape of thinning is achieved by the setting of the grinding 
wheel axis in relation to the wheelhead pivot. This 
adjustment is facilitated by a graduated scale. 


Testing springs or checking torque wrenches 

This simple, manually operated tool could meet the needs 
of testing, development and inspection departments for 
checking, selecting, or matching helical compression springs 
—in particular, valve or clutch springs. It has a load 
capacity of 200 lb and will accept springs up to 4in long. 
The base is angled so that the tool can be mounted either 
yertically, as shown, or inclined at an angle to the horizontal. 
By detaching the handle assembly from the base and 
substituting a lever arm attachment it is converted to a tool 
for checking the setting and calibration of torque wrenches. 

A spring to be checked is placed between the upper and 
lower anvils and compressed to a preset length determined 
by a stop rod graduated in inches and millimetres. The 
force applied is transmitted through a master spring to an 
enclosed rack-and-pinion mechanism which operates the 
pointer over a substantial aluminium semicircular dial. 
Separate scales for pounds and kilograms are marked in red. 


Compression spring tester, for valve or clutch springs up to 4 in long 
(Britoo!l Ltd.) 
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The attachment to enable torque wrenches to be checked 
comprises a support bracket on which a lever is pivoted on 
a needle roller bearing; its free end, furnished with a large- 
diameter roller, resting on the lower anvil. The wrench is 
2pplied to a $in square drive socket at the fulcrum point 
and torque is applied at normal operating speed until the 
wrench “breaks”. Separate scales, marked in black, give 
direct readings of torque in pounds-inches and kilogram- 
metres, and reveal any divergence from the setting indicated 
on the wrench. The manufacturers are Britool Ltd., 
Bushbury, Wolverhampton. 


Speed controls for electric motors 

For use with motors of from 0-01 hp. to 10 hp., 
Magnedyne controls offer a wide range of speed control 
with a fine degree of adjustinent, a high efficiency, and 
constant speed, under wide and rapid changes of load con- 
ditions, at any one setting. The control equipment is 
supplied from normal a.c. mains and the d.c. motors are 
fed from a rectified supply to both the field and armature 
windings. Speed control is effected by varying the reference 
voltage applied to the armature, either manually or auto- 
matically. Incorporated in the control is a simple electronic 
amplifier, together with an amplifier of the magnetic satura- 
tion type. If the armature voltage drifts from the value 
selected at any position of the speed control, the electronic 
amplifier reacts automatically and instantaneously, and 
thence the magnetic amplifier regulates the energy necessary 
to maintain the speed of the motor. Equipment is of simple 
design and robust construction, and is claimed to be trouble 
free. Only standard low-power valves are used, at well 
below their normal rating to obviate frequent servicing and 
replacement. No thyratrons or other gas-filled tubes are 
employed. Generously rated metal rectifiers are used, to 
ensure long service without maintenance. 

Speed-torque curves are almost flat, and the 
teristics, therefore, resemble those of an induction motor 
combined with the advantages, including ease of control, 
of a d.c. motor. The design of the control amplifier circuit 
is such that the maximum current supplied is limited to a 
given value, normally a little more than that required to 
give normal working torque. Any mechanical jamming of 
the motor, therefore, cannot result in any damage either to 
the motor or to the control equipment. Moreover, “constant- 
torque” starting is assured. Instantaneous braking is 
obtained by short-circuiting the armature in the “Stop” 
position of the control, whilst still feeding the field circuit 

The equipment offers wide possibilities in the field of 
automation, since the normal potentiometer designed for 


charac- 


electronic speed- 
control equipment for electric 
motors of up to 10 hp 


(Metrix instruments Ltd.) 


Magnedyne 
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300 three-speed machine for three flexible drive shcfis 


(B. O. Morris Ltd.) 


Morrisflex 


manual speed control can be replaced by one activated by a 


suitable programme controller. Alternatively, the reference 
voltage could be directly controlled by any physical 
phenomenon that can be translated into the form of an 
electrical signal. It is also possible to control the speed of 
the motor to within 0-1-1-0 per cent by means of a 
tachometer circuit controlled by the motor and feeding 
back the error signal 

Magnedyne controls are manufactured by S. A. Rochar 
Electronique, 51 Rue Racine, Montrouge (Seine), France, 
and marketed by Metrix Instruments Ltd., 54 Victoria 
Road, Surbiton, Surrey. 


Flexible-shaft machine 

The new Morrisfiex 300 flexible-shaft machine has been 
developed specifically to provide optimum speeds for steel 
or carbide rotary cutters, mounted points, and small polish- 
ing wheels used for toolroom and similar high-precision 
work. Manufactured by B. O. Morris Ltd., Briton Road, 
Coventry, the prime mover is a }h.p. motor complete with 
a three-speed gearbox giving shaft speeds of 3,000, 9,000, 
and 15,000 rev/min. Drives to three separate shafts are 
incorporated, enabling the user to perform varied successive 
operations without the time-wasting necessity of dismount- 
ing and mounting different tools. Each flexible shaft is 














complete with a handpiece fitted with a 6 mm collet. 

To meet varied or varying requirements, the motor is 
furnished with a carrying handle, a foot for bench or wall 
mounting and an eye-bolt for overhead suspension. The 
manufacturer can supply an exceptionally wide range of 
tools and equipment for the skilled operator. 


De-ionized water supply 

Distilled water for topping-up vehicle batteries, or for 
making battery electrolyte, is usually purchased from a 
supplier since the rate of consumption is likely to be less 
than would warrant the installation and operation of 4 
distillation plant. Recent development of systems of ion 
exchange as a means of producing the equivalent of distilled 
water without the use of heat has now made it possible to 
have suitable water on tap. The cost of producing this 
water of exceptional purity is generally considerably less 
than that of distillation; in fact, gallons per penny instead 
of pence per gallon. 

The process consists of passing the water through a vessel 
containing a bed composed of two types of synthetic resins 
that remove all the bases and radicals from the water. 
Water obtained by this process, in particular by means of 
the Paterson Solobed system, is of a quality much higher 
than it is possible to obtain from single distillation. The 
only satisfactory method of ascertaining its purity is by 
measuring the resistance of the water to electrical current. 

For the regeneration of the resins both acid and alkali 
are used and, therefore, the construction of the equipment 
must be both acid- and alkali-resistant. In the smallest 
Solobed unit manufactured by the Paterson Engineering Co. 
Ltd., 129 Kingsway, London, W.C.2, which gives an output 
of 10-15 gallons per hour, the pipework is of plastics, 
valves are made of ebonite and other parts from transparent 
plastics materials so that no metal is in contact with the 
water. This is an essential feature since the water produced 
is of so high a purity that the most minute traces of 
contaminants have a marked effect on its conductivity. 


Solobed water de-ionization unit 
(Paterson Engineering Co. Ltd.) 








Major high-speed, tube-sawing machine 
(Addison Tool Co. Ltd.) 


Tube-sawing machine 

The concept of using HSS saws for cutting tube stock 
at production rates equivalent to those for abrasive wheels, 
is exemplified by this Major tube-sawing machine. It is 
claimed to give a cleaner cut, to obviate the need for 
subsequent deburring operations, and to yield a reduction 
in production costs. The capacity of the machine illustrated, 
having an 8 in saw blade, is tubes up to 2 in outside diameter. 

A cast wheelhead casing houses the 1-5 h.p. driving motor 
and incorporates the oil bath in which the clutch and wheel 
spindle are immersed. The complete wheelhead is mounted 
on vee slides to enable it to be secured in the cutting position 
best suited to the diameter of the work, and adjustment is 
also provided for taking cuts at angles up to 45 deg. Equip- 
ment includes a lever-operated tube vice and a spring-loaded 
device to support the cut-off tube on the right-hand side of 
the saw blade and thus prevent the formation of a fall-off 
burr. Coolani from a tank in the pedestal is circulated by 
a pump driven by an independent motor. On actual produc- 
tion runs, up to 2,000 cuts can be made before the saw 
blade requires resharpening. 

Manufactured by the Italian firm of Pedrazzoli, in Basano, 
the sole distributing agents are the Addison Tool Co. Ltd., 
28 Marshalsea Road, London, S.E.1. 


Transistorized sound-level meter 

In view of the attention currently being directed io the 
reduction of noise, the introduction of the Type 1400E, fully 
transistorized, sound-level meter by Dawe Instruments Ltd., 
99 Uxbridge Road, London, W.5, is timely. Claimed to be 
the first unit in the world of this type to be made commer- 
cially available, it is completely self-contained, can be 
operated readily with one hand, and is conveniently portable. 
Powered by built-in dry batteries, its overall dimensions are 
84 in x 5} in x 33 in, and its weight is less than 4 lb. 

When the instrument is not in use the microphone is 
folded down into a recess in the top of the case. On raising 
the microphone to the working position, the meter is auto- 
matically switched on and a reading can be taken imme- 
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Dawe Type 1400E transistorized sound-level meter. Range 
24 to 140 dB 


(Dawe instruments Ltd.) 


diately, since transistors require no warming-up period 
One set of batteries provides an operating period of 60 hours 


Apart from a microphone and high-gain amplifier, the 
instrument incorporates 2 variable attenuator to give a direct 
reading of sound level over the range from 24 to 140 dB. 
The standard meter, therefore, covers the range for virtually 
every industrial application, except possibly for measure- 
ments in the near vicinity of turbojet engines, for which a 


special microphone must be substituted. A further feature 
is the inclusion of weighting networks to simulate the 
frequency response of the human ear. The meter reading 
gives, therefore, a close measure of the equivalent loudness 
of all sounds without the possibility of error arising through 
age, prejudice, or fatigue, to which all human observers are 
susceptible to some extent. 

Typical applications of this meter in the transport industry 
include the checking of permissible noise levels of motor 
vehicles, the measurement of noise levels in passenger com- 
partments to ensure maximum comfort, the inspection of 
engines, gearboxes, and transmissions for operating smooth 
ness, and the study of road surfaces and tyres. All conven- 
tional uses in workshops, test rooms, and offices, of course, 
are well within its operating range. The Type 1400E meter 
meets the proposed International Electrochemical Commis- 
sion (I.E.C.) specification for sound level meters 


Ratchet screwdriver 

Even the ubiquitous screwdriver is receiving attention 
with the aim to make it easier and more reliable in opera- 
tion, either for general or specific usage. An example of 
interest is the new ratchet driver introduced by J. Stead and 
Co. Ltd., Cricket Inn Road, Sheffield. The blade of standard 
pattern, with a flared point, is made from chrome-vanadium 
steel and is chromium plated to resist corrosion; the ratchet 
mechanism is robust and positive. 

Novelty occurs in the shape of the unbreakable handle 
moulded in a translucent, amber coloured, plastics material 
and providing insulation that effectively withstands a current 
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Steadfast ratchet screwdriver with pistol-grip handle 
Stead and Co. Ltd.) 


of 5,000 volts. Instead of following the familiar cabinet, 
circular, or polygonal patterns, it is given a slightly angled, 
pistol-grip shape. This makes it unusually convenient to 
handle, and easier to drive home or loosen tight screws. 
Particularly, it facilitates manipulation at arm’s length or in 
closely confined applications as are frequently encountered 
beneath a chassis or in the interior of a body. 


Multiple barrelling machine 

The interest of Rolls-Royce Ltd. in barrelling technique 
has earlier been referred to in these columns.” A new range 
of multiple barrelling machines for small, batched work 
has been developed by Rolls-Royce Ltd. and is now being 
marketed by Roto-Finish Ltd., Mark Road, Hemel Hemp- 
stead, Hertfordshire. Three models have been standardized, 
with basic units of six, nine, and 12 barrels or drums 
respectively. In each case, however, a further drum unit 
which doubles the capacity can be added if desired. Drums 
ire of a plastics material and have a capacity of } ft*. 

Each machine has a number of vibrating screens, chip 
bins, a sink for washing-out, and a drawer for housing the 
special tabletted compounds for use in processing. The 
precise dispensing of compounds in tablet form is another 
Rolls-Royce development, and was briefly described in the 
quoted article. j 

Individual control of processing time for each drum is by 
means of a separate time switch. At the end of the time cycle, 
the cradle holding the drum is tilted forward, indicating 
that processing is completed. By selection on a dial wheel 
on the front of the machine, the grinding chips are returned 
after processing to the appropriate chip-size container for 
re-use. The machines are wheel-mounted and readily 
mobile so that they can be moved to any shop location. 


* Precision Barrelling “‘ Automobile Engineer”, December 1958 


24-drum, multiple barrelling machine 
(Roto-Finish Ltd.) 


Multi-Matic self-contained, 








FINISHING CONNECTING 


RODS 


American Surface-Grinding Practice is Shown in Specially Equipped Mattison Machines 


‘ 

SURFACE grinding operations on connecting rods include 
the finishing of the big-end joint surfaces, where they are 
engaged by the big-end cap, and the finishing of both side 
faces of the rod after the cap has been assembled to it. For 
such operations, the American view is that no method or 
machine has yet been found to surpass the modern vertical, 
multi-spindle, multi-work station, automatic surface grinder, 
either as regards the rate of production or in reference to 
the quality and consistency of the work. The high perfor- 
mance of machines of this type is due in no small part to 
the excellent automatic clamping facilities they incorporate. 
Where properly carried out, the design and application of 
an automatic clamp depends mostly on careful analysis of 
the operation to be performed. Clamps developed for use 
on some of these machines, engaged in processing con- 
necting rods, are as simple as is possible consistent with the 
work they have to do. 

The fixtures in which connecting rods are clamped are 
arranged in ring formation on an annular work table. This 
table rotates about a massive, vertical, central column 
Vertical spindles of the grinder, together with their motors, 
are arranged around this column, so as to leave an open 
space for loading and unloading the fixtures at the front 
of the machine. Whether a machine is tooled for grinding 
the joint surfaces for the connecting-rod cap, or for grinding 
side surfaces of the rod, either roughly or to finish size, 
clamping fixtures are designed in such manner that surfaces 
to be finished are held in a horizontal plane. 

Stationary cams are mounted around the inside of the 


Mattison two-spindle machine grinding connecting rod side faces 





Automatic clamp devices for the grinding of rod joint faces 


heavy rail which encircles this rotating, annular table, to 
form a discontinuous cam track. Usually, each clamping 
fixture is operated by a pivoted lever furnished at the end 
with a roller-type cam follower. Immediately before the 
workpiece that the fixture contains encounters the first 
grinding wheel, the cam forces the follower radially inwards 
against the resistance of a compression spring. Inward 
movement of the lever produced in this manner is used, in 
one way or another, to provide the necessary clamping force. 

After making a complete circuit of the central column, a 
given clamping fixture returns to the unloading station. At 
this point, the cam follower emerges into the open and runs 
out of contact with the cam. Thereupon, the compression 
spring reacts, opening the fixture for the ready unloading 
of the part. The connecting rod or other workpiece in that 
particular fixture is then removed, and replaced with 
another component to be ground. 

In some instances, Mattison rotary grinders of this type 
are equipped with only two vertical spindles, and two 
separate surface-grinding operations are performed on each 
side of the connecting rods with their caps attached. In 
some applications two such machines are employed. The 
first is used to rough-grind both sides of the drop-forged 
connecting rods, before the caps are severed. 

Finish-grinding on the sides of the rods is delayed until 
after all drilling, broaching, cap parting, bolt insertion, and 
re-assembly operations have been completed. Then, the 
rods are routed to the second two-spindle machine, where 
both sides are finish-ground to size. By handling the work 
in two stages in this manner, it becomes practical to use a 
segmental wheel for the rough-grinding operations and a 
standard wheel for finishing. The normal wheel, of course, 
makes it possible to obtain a finer surface finish and to hold 
dimensions to a somewhat closer tolerance. 

The two-spindle machines illustrated, and the special 
clamping fixtures in each case, were manufactured by the 
Mattison Machine Works, Rockford, Illinois, U.S.A. 
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touch 
of 


a 
button 


a 
Designed to aid the smooth — Yj L 


transmission of power: to 


reduce friction to a mini- 

mum: to enable movement 

at “touch of a button response’’— HOFFMANN Ball and Roller Bearings 

characterised by their dependability... Dependability under light or heavy loads; 

at low or high speeds: in extremes of temperatures: in dust, dirt and fumes... 

Dependability that makes lubrication and maintenance so little as to be negligible 

in time and cost... Dependability that springs from over 60 years of experience 

in designing and manufacturing ball and roller bearings... And this experience 
is available to all users of bearings. Where there 


(am is a problem Hoffmann will be pleased to help. 


THE HOFFMANN MANUFACTURING COMPANY LIMITED 
CHELMSFORD, ESSEX 
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hidden treasures 


Deep in the heart of the richest country of the 
ancient world, Egypt, was discovered the tomb 
of Tutankhamun, known in history for the 


splendour of his burial. 

And deep in the heart of the world’s finest car 
engines another treasure is hidden... silent... 
enduring... vital... a Renold Timing chain. 
It’s a gem of a chain—smooth running and 
flexible, capable of innumerable driving 
arrangements and outliving the engine itself. 


RENOLD 


TIMING CHAINS 
stand the test of time 


RENOLD CHAINS LIMITED + MANCHESTER 
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E.N.V. ENGINEERING CO. LTD., HYTHE ROAD, WILLESDEN, LONDON, N.W.10. Tel. : LADbroke 3622 
APO! 
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For many years, William Mills 
On with her head! have supplied aluminium castings 
for the cylinder heads, sumps and 
manifolds of Jaguar cars. The 
range of Mark 2 models, intro- 
duced for 1960, uses similar 
castings in LM4 alloy, and the 
intricate cylinder head casting 
shown is a fine example of 


modern foundry technique. 


Aluminium alloy 


castings 


by 


\VAVAIIIE-"e at bVA IIL ee Ml ealiaate 


| 


WILLIAM MILLS LIMITED, FRIAR PARK FOUNCRY, FRIAR PARK ROAD, WEDNESBURY, STAFFS. 
AP! 32 
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How many minutes should it take to fix 100 nuts? 


The accepted *time for assembling 100 5,16” slotted nuts and split pins is 197 minutes. 


Yet need it take as long? The job could be finished in exactly 40 minutes using 

Simmonds self-locking nuts. Forty minutes! A nett saving of over forty shillings on every 
hundred assemblies, if you reckon wages at 5 - an hour and overheads at 250°,,. 

Nyloc self-locking nuts save many companies thousands of pounds each year. 

There are also technical and other advantages so why not callin Simmonds to carry out 


a completely thorough costing of your present assembly methods? 


* All times shown are based on “The Handbook of Standard Time Data for Machine 
Shops” by Haddon & Genger, published by Thames & Hudson Limited, London 


time saved is money saved 


y SIMMONDS SELF-LOCKING NUTS 


SIMMONDS AEROCESSORIES LTD - TREFOREST - PONTYPRIDD - GLAMORGAN & A me mber of the Fi ae Group 


Branches: London, Birmingham, Manchester, Glasgow. St kholm, Copenhagen, Ballarat, Sydney, Johannesbu t M rk, Mannheir } Brussels 
CRC 42N 
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are right there 
in more than 
100 countries 
58 years ago, F.R. Simms bala? ugho The 


introduced magneto 


ignition. Since then the VVTe) gl | re | 


the moior industiy 
has taken giant strides. 
Simms have kept in step. 


Hundreds of our Overseas Central and Service Dist- 

ributors carry stocks of replacement units and spare 

parts; and we maintain Factory Representatives in 

five countries: Canada, New Zealand, South Africa, 
Australia and Sweden. 


Simms is one of the world’s largest producers of fuel-injection pumps, as 
well as of electrics for commercial vehicles—dynamos, starters, lamps, 
cut-outs, fuse boxes and the rest—and we have developed an inertia 
starter for diesel engines in conditions where batteries cannot be used. 
Today as ever, Simms are essential to the motor industry of the world. 


SIMMS MOTOR UNITS LIMITED, LONDON, N.2 
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This is a job for Coopers 

And itis in the design stage when the COOPER technicians can 

be of the greatest assistance. It is their business to know all 


there is to know about Filters and Strainers. They are prepared 
COOPERS engineers to design and manufacture to your own specific requirements. 


are available for 
consultation at all 
times. 


AIR CLEANERS - STRAINERS - FILTERS - GASKETS 
WASHERS - LAMINATED SHIMS - PRESSWORK 


COOPERS MECHANICAL JOINTS LTD., LLANFOIST WORKS, ABERGAVENNY Telephone: 1043-7 
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STUDY THE CASE HISTORIES 
IN THESE FREE BOOKLETS 





Among the many services which Kodak undertake is the 
compilation of booklets showing how photography is being 
put to work by leading industrial and commercial firms. 
These booklets are available free to industrial executives. 


Here ts a selection : 


Photography at Work is a ‘basic’ booklet outlining the 
ways in which photography can be put to work to increase 
production, reduce costs and smooth administrative work. 
It has sections on office copying, work study, safety, sales 
promotion, personnel relations, etc. Provision is made for 
you to pose your own particular problems on a special 
reply-paid card. 


Photography in Industry and Commerce takes the 
subject a stage further and illustrates some of the more 
specialised techniques used in industrial and scientific 
photography. There is a 6-page feature on 16mm cinema- 
tography and a section on the use of photography in the 
making of television ‘commercials’. 





Can Industrial Radiography Help You? shows by 
case histories the various kinds of fault that can be exposed 
by radiographic inspection. This is an invaluable first 
book for those who have not yet considered radiographic 
inspection of the products they make or buy. 


Photography in Advertising and Selling shows by 
practical examples how photography is used to streamline 
administration and production in advertising departments 
and agencies. More than a score of case histories show 
how advertisers get their message over more quickly, 
more efficiently and more economically with the aid of 
photography. 

Negative Materials for Black-and-White Photo- 
graphy brings you up to date with the plates and films 
used for Press, Studio and general industrial photography. 
It does not include materials for the more specialised 
forms such as photomicroscopy, spectrography, etc. These 
are described in detail in the ‘Kodak’ Data Book (five 
volumes) for which there is a small charge. 


Please write on your business notepaper, indicating the book- 
lets you would like us to send you. 


Kodak ......:: 


INDUSTRIAL SALES DIVISION, KODAK HOUSE, 
KINGSWAY, LONDON, W.C.2 
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DRUMMOND-ASQUITH LTD 


Have pleasure in 
their appointment as Sole Distributors 
throughout the world for the complete range of 


SURFACE GRINDING MACHINES 


BUILT BY 


SNOW & CO. LTD 


SHEFFIELD - ENGLAND 


one 
SURFACE ‘sNow’ GRINDERS 
» S é 


= =» 


Manufacturers of a wide range of Precision Surface Grinding Machines, 
including Horizontal and Vertical Spindle Types with both 
reciprocating and rotary tables, Double Disc and Slideway Grinders. 


DRUMMOND-ASQUITH LIMITED 


KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431 Aiso at LONDON Phone Trafalgar 7224 & GLASGOW Phone. Centro! 0922 





EXPORT DIVISION : HALIFAX HOUSE, STRAND W.C.2. Telephone Trafalgar 7224 
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COMPREHENSIVE 
mel SERVICE 









)\\ 7/ 
PW Heat Treatment under 
Laboratory Supervision 


To be comprehensive, a firm producing forgings and 
pressings must possess all facilities for the metallurgical 
and surface treatment of components to any specification. 
In addition to modern automatically controlled furnaces for 
hardening and other forms of heat treatment, FORGINGS AND 
PRESSWORK LIMITED Offer 
Design Consultation and Technical Advisory Service 
Constant Vigilance and Modern Inspection Equipment 
Up-to-date Plant and Production Facilities 
Metallurgical Control of Raw Materials 
This Company participates in the technical, research, and productive 
resources shared by the whole Birfield Group, which includes famous firms 
such as Hardy Spicer Ltd., Laycock Engineering Ltd., Salisbury Transmission 


Ltd., and other companies well known in light engineering. 


Enquiries to: 


FORGINGS AND PRESSWORK LTD 


BIRCH ROAD + WITTON : BIRMINGHAM 6 + Phone: Birmingham East 1262-7 tit! 






Member of the 





Automotive Division of Birfieid industries Limited, 
Chester Road, Erdington, Birmingham 24 Prone: Erdington 7391 Birtieid Group 
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LAP 0 NTE for better broaching 


Universal Broach Sharpeners. 
Capacity between centres 
60, 72, 80 inches, also 


Surface Broach Sharpener. = 


Working table 36 inches. 


Horizontal Hydraulic 
Broaching Machines 
Capacity: 24-50 tons. 


Stroke: 30-78 inches. 


INTERNATIONAL The Lapointe Machine Tool Co Ltd 


MACHINE TOOL Otterspool Watford-by-Pass Watford Herts 
EXHIBITION 1960 Telephone Watford 31711/2/3/4 Cables Lapointe Watford 


j 


Olympia -Lendon June 26-July 8 Also The Lapointe Machine Tool Company Hudson Mass. USA 
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PARK GATE 


QUALITY STEELS FOR 
AUTOMOBILE ENGINEERING 











special freecutting 
casehardening 
quality bars 





THE PARK GATE IRON & STEEL COMPANY LIMITED ROTHERHAM 


a ®D Company TEL: ROTHERHAM 2141 (10 lines) GRAMS: YORKSHIRE, PARKGATE, YORKS TELEX 54141 
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Vital links in controlied movement 
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For springs with 
the highest reputation 
and top performance 
specify SALTER 


all-action springs 








/ 


GEO. SALTER & CO. LTD. 


VEST BROMWICH 
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THE EVENT WHICH NO INDUSTRIALIST, 
ENGINEER OR PRODUCTION EXECUTIVE SHOULD MISS! 


EARLS COURT 3-13 MAY 


mechanical 
andling 


1ibition 


This will be the greatest-ever exhibition of equipment and machinery 






4 
anh | 
yl" ull Mn, 


for saving time and effort. Exhibits in over half-a-million 
THE WORLD’S square feet of space will range from complete handling systems for 
LARGEST large-scale factory layouts to aerial ropeways, electronic control 
DISPLAY OF . ae 
at hand to discuss your individual problems. Whether your 
LABOUR-SAVING organisation is large or small, a visit to this outstanding 
EQUI PMENT industrial event can result in the achievement of higher output— 


at reduced cost. The ticket below will admit you to 


equipment, cranes, conveyors, trucks and lifting tackle, with experts 


the biggest exhibition of its kind the world has ever seen. 


ORGANISED BY MECHANICAL HANDLING AN ILIFFE JOURNAL 


HHI | HIN Hi MECHANICAL HANDLING EXHIBITION 
complete HATHA WM EARLS COURT 3-13 MAY 1960 

* HI DAILY 10 A.M.-6 P.M. (except Sunday 8 May) 

and retain | | Sarit oi 

a 
this free aamit one 
+ > Not valid until the details below have been completed 
admission 


ticket 






NAME 
FIRM - 


ADDRESS 


For additional tickets please apply to 
EXHIBITION MANAGER MECHANICAL HANDLING 
DORSET HOUSE STAMFORD STREET LONDON SEI 





38b 
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A vital contribution to the 
efficiency and reliability 
of cars and trucks 


supplied by 


PIR TH-DERINO 


SHEFFIELD & DARLEY DALE 


High Quality Drop Forgings 
for the Automobile and Aircraft industries 
THE FIRTH-DERIHON STAMPINGS LIMITED. SHEFFIELD. 
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MACHINE 


RENAULT ty machine tools 


SHREWSBURY 
ENGLAND 


wecrEade Otifld- reduce Cote 


The Renault company of Paris is 
acknowledged to have the most highly 
automated car factory in the world. The 
Machine Tool Division, which is one of the 
largest in Europe, designs and builds 
machine tools not only for their own 
production plants but also for many other 
varied industries interested in increasing 
production and reducing costs. The vast 
knowledge and experience gained in this 
direction is available to British 

industry through their British 

subsidiary. Already many 

machines incorporating the 

Renault France system electro 

mechanical heads, are operating 

in the British Isles producing 

components for domestic 

appliances, motor cars. etc 


roo 
~ 


th gh product 
machining ¢ 


UNIT MACHIN ES 


incorporating standard parts, 
designed and built in Great Britain 


for further details, please write to:— 


RENAULT MACHINE TOOLS (U.K.) LTD 


SHREWSBURY Tel: Shrewsbury 52317 


(a wholly-owned subsidiary of Regie Nationale des Usines RENAULT) 
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One overhead crane serves 40,000 sq. ft. 
with loads of up to 5 tons 


Areas of almost any size, with a span of up to 200 feet, can be served with 
a single long span Underslung Crane from British MonoRail. Loads of up 
to § tons can be moved with precision to any point in any place within a 
factory’s cubic area. These long span cranes need little headroom, and are 
light and flexible to handle. Their versatility and power of coverage lift 


awkward handling problems of every type from the factory floor. 


More advantages of MonoRail Underslung Cranes. Al! matcrials and track specially 
xed for the job. Rubber-tyred crane drive eliminates track wear. Standard track 
vidth. Wide range of interlocks, switches and lifts gives free flowing movement in 


flang 


A complete Overhead System. Long span Underslung Cranes are only part of the 
After a survey of your plant, we produce a complete MonoRail handling and transfer system which can be tailored for every need, and 


? 
tailor-made plan. This and the estimate arefree. the load to be transferred beyond the crane area to any part of the factory. 


IF YOU WANT TO GET A MOVE ON 


Send for the man with the MONORAIL plan 


BRITISH MONORAIL LIMITED - WAKEFIELD ROAD - BRIGHOUSE - YORKS - TELEPHONE: BRIGHOUSE 2244 


A member of the Herbert Morris Group of Companies 1GA One 
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Photograph by 
courtesy of Ashley Laminates Ltd, 










Uh as 
DURAGLAS* 


GLASS FIBRE REINFORCEMENTS 





For information on 
all products inthe Duraglas 
range, including glass yarn, 
roving, cloth, woven roving, 
tape and DOuramat write for 
publication D3. 





“TURNERS” is che trade name of 


TURNER BROTHERS ASBESTOS CO. LTD + ROCHDALE - ENGLAND 


A MEMBER OF THE TURNER & NEWALL ORGANISATION 





@ TA 168 


Automobile Engineer, April 1960 








QUALITY 
STEELS 


FOR ALL 
INDUSTRIES 


A MEMBER 
orrne | 


WRITE FOR LITERATURE AND STOCK LIST 


SHEFFIELD FORGE & ROLLING MILLS CO. LTD. 
Teo 6=©6 MEILLSANDS, SHEFFIELD 3 i sncrronce suerrieo 
TELEX NO. 54215 


SF.101 
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Type A Actionator motors are ideal 
for rotary plug valves, dampers. 
butterfiy valves, et« 

Features include internal brake and 
micro switch limit switches 


heavy duty electric motors for valves and dampers 


Use the powerful new Actionator 
industrial type motors to operate 
slip stem valves, rotary plug valves, 
butterfly valves, dampers, etc. 


Variety of speeds 

Actionator motors are available with 
a variety of speeds, from 9 to 

144 seconds full-stroke operation. 
The high speed permits use with 
pulse-type controllers such as those 
used in radiant tube firing. 

Torque ratings range to 200 lb-inches. 


All control forms 

Modelsareavailable with two-position, 
floating and proportional control. 
Optional models can include 
cam-operated, internally mounted 
switches for a variety of dual 
switching purposes. 


Write Now 

for more details, or send the coupon to 
Honeywell Controls Limited, 

Ruislip Road East, 

Greenford, Middlesex. WAXlow 2333. 
Branch offices in principal towns 

and cities of the United Kingdom 
—and throughout the world. 


Honeywell 
iH] Fit uw Coutiol 


SINCE 1665 























Type B Actionator motors are 
designed for vertical acting 
slip stem valves having lifts 
of from $ to 14 inches. 
Double ended shaft can also 
simultaneously operate 
butterfly valves, rotary stem 
valves and other devices 
through suitable linkages. 
Features include built-in 
linkage and strain relief, 
mounting yoke and enclosed 
terminals with gasketed 
housing. No auxiliary 
mounting bracket required 


a ae ee ee 
| Please send me a copy of 


Specification Sheet S804-3. (Type A) 
Specification Sheet S1016-2 (Type B) 


NAME 


ADDRESS 


AE 


| 
| 
| 
! 
| 
POSITION , | 
| 
| 
! 
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Produce more, earn more 

with | 

PN fom -J Lolo) hyve) = 
rolal=10 | aalt-lifomm Cole) [— 


* LIGHT * POWERFUL * SPEEDY 
* RELIABLE * LOW COST 4 


Wherever ARO-BROOMWADE tools are used, costs 
per unit of production fall, profits per unit 
rise. Why not find out NOW 


how these tools can save you 









































money. Demonstration on request. 


Lever Model 


Pistol Model 


LIGHT, SPEEDY DRILLS 


A real asset in Aircraft, Electrical, Television, Radio 
and other light industries. Both models weigh less than 
14 lb. Best power/weight and power/air ratios. Locked- 


a” 1” 


in motor. Capacity #,”—-}”. Hyd] 
| | 
| 





SILENT, REVERSIBLE SCREWDRIVER & NUTRUNNER | 


A high-speed tool (1800 R.P.M.), weighing 
approximately |} Ib. Readily converted to PTT TT 
either function. Instant push-button re- | 
verse action. Adjustable clutch can be — 











pre-set to correct torque, the clutch jaws 
automatically disengaging at the required 
tension. 





Write or phone for 
Publication No. 439 T.E. 






“BROOMWADE 
AIR COMPRESSORS & PNEUMATIC TOOLS 
Your Best Investment 












Telex) 


Telegrams: Broom, High Wycombe 





High Wycombe 1630 (10 lines 





7, High Wycombe, England. Telephone 





Broom & Wade Ltd., P.O. Box No 





688SAS 
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INDUCTION 
HEATING 
EQUIPMENT 


GENERAL 
PURPOSE 
FURNACES 


CONTINUOUS 
CARBO- 
NITRIDING 
FURNACES 


CARBURISING 
EQUIPMENT 


Every heat-treatment requirement of modern industry is met by the very wide 
range of Wild-Barfield equipment 

Over 40 years’ specialist experience of building electric furnaces to the highest 
standards of workmanship has placed Wild-Barfield in the unique position of 
being able to offer an unparalleled service both in research and manufacture. 


ELECTRIC 


WILD 
Val) FOR ALL HEAT-TREATMENT PURPOSES 


a Backed by 40 years’ specialist experience 


WILD-BARFIELD ELECTRIC 2 a LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD-BY-PASS, WATFORD, HERTS rd 


Automobile Engineer, April 1960 











88 





TESTING ENGINES WITH THE. 








Retaining the well-tried 
and long-established 
Froude power-absorbing 
elements, plus the Froude 
reputation for scientific 
accuracy of readings, this 





revolutionary, small, compact 


HYDRAULIC ynamoenmeeter_ 


represents a notable advance 

in Dynamometer design that 
has only been achieved by long 
experience as specialists in 


Engine Test Plant. 








WIDE RANGE OF POWER & SPEED 
REVERSIBILITY 
LOAD THROW-OFF DEVICE 


COMPACTNESS 
MINIMUM MAINTENANCE 
SIMPLICITY 


LONG LIFE 





The control system has the great 


advantage of allowing a very wide 





range of powers and speeds on any 


size of G. type Dynamometer, so that The Froude G4. Dynamometer deals with powers up to 350 
B.H.P. at 2000/6000 r.p.m. and is only 26° (660 mm) between 
half-coupling faces and 377 (950 mm) wide 


HEENAN & iaeerateaten LIMITED 


WORCESTER ENGLAND 


large and small engines can be tested. 
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Cast 
with 


Precision 



















* Aluminium and magnesium alloy castings by 
sand, die, shell and plaster mould methods 


* Engine blocks and cylinder heads 
in high duty iron. 


* Castings of the highest quality in the 
desired quantities at the right time 


* The greatest technical experience 
augmented by quality control 
of production. 


Austin Seven and Mini-Minor 
Transmission Housing. 
Gravity Die Casting 

in Aluminium. Weight 254 Ib 
By courtesy of B.M.C. Limited. 


STERLING METALS LTD 


PHONE NUNEATON 4221 


TERME! 


ee Want mone 
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drop forged crankshafts... 


ee 











are used in the 
new 6; litre V.8. 
engine in the 
Rolls-Royce 
Silver Cloud II 
and 


Bentley S 2 Continental 








A wholly owned | 
1 | 


ry of 


bsid , 
English Stee 


ENGLISH STEEL 


FORGE AND ENGINEERING CORPORATION LTD 
River Don Works. Sheffieid 


Corporation Lid 
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Torrington Needie 
Bearings feature: 


* high radial load capacity 





* low coefficient of starting 
and running friction 







* low unit cost 





* long service life 


This is why Torrington Needle Bearings 
provide maximum radial load capacity 


The Torrington Needle Bearing’s full complement of small 
diameter rollers provides the largest possible number of bearing 
contact lines in the load zone. This gives Needle Bearings a higher 
radial load capacity than any other bearing of comparable size. 

Precision rollers ensure smooth anti-friction performance with 
low coefficient of starting and running friction to match this un- 
equalled capacity. Rollers are positively retained by the turned-in 
lips of the outer shell, permitting simple, economical installation 
and assembly. 


TORRINGTON BEARINGS 


! 
The Torrington Company Ltd., Bearings Division, Torrington Avenue, Coventry Tr Glasgow Office 
London & Erport Office: 7-10 Eldon Street, E.C.2 Ms a 50 Wellington Street, C.2 
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my” ROVER 
t Chee of Britain’ Fine Cats 


USE 


CLANCEY 


SAS VALVE GUIDES & “ttst? ROLLERS# 


SUPPLIED AS CASTINGS oe FULLY MACHINED fj 


. oa RS hs 


ie » 


G:CLANCEY L'™: BELLE VALE - HALESOWEN 
THE LARGEST MANUFACTURERS OF VALVE GUIDES AND TAPPETS IN EUROPE 


TELEPHONE: CRADLEY HEATH - 69411-2-3 





Manufacturers’ Enquiries only 


MANUFACTURERS OF JOINTS 
& GASKETS FOR ALL TYPES OF 
1.C. ENGINES & POWER UNITS 


Specialists in the quantity production 
of small metal pressings. 


Telephone: ALDRIDGE 52951. 
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SLOW 


SLOW- ‘QUIGK-QUICK } 
SLOW | 


If product flow goes quick, quick slow —then 
what you need is variable speed. 2400 bottles 
for gin — Gordon’s of course—reach this 
machine every hour, but there can be 3600. 
The gin is there, so the machine must bottle 
faster. How? Turn the handwheel and the 
Hainsworth pulley and V-belt move to the 
right speed position automatically. Faster — 
slower —every few minutes if needed. 
Bottling, spinning, woodworking, packaging 
—give your production a tonic, and get 

the right speed for your need with... 


“HAINSWORTH’ 


VARIABLE SPEED DRIVES 














Send for Catalogue 100/19 


| i) 
4 
y THE 
THE PULLEY h CONTROLLER 
7 sizes available / will carry any 
for drives standard electric 
up to 10 H.-P. J motor 


wise | J. Me FENNER & CO LTD, HULL 


BELFAST. BIRMINGHAM. BRADFORD. BRISTOL. BURNLEY. CARDIFF. GLASGOW 























Stocks carried in HULL. LEEDS LEICESTER. LIVERPOOL. LONDON. LUTON. MANCHESTER 
MIDDLESBROUGH. NEWCASTLE. NOTTINGHAM, SHEFFIELD. STOKE 


LARGEST MAKERS OF V-BELT DRIVES IN THE COMMONWEALTH 


Automobile Engineer, April 1960 93 











BRAYHEAD 


Springs, Pressings, Clips, Wire forms of all 
types are just a few of our highest quality 
products. 

Delivery, prices, specifications and designs 
to suit all leading industries. 

Why not take advantage of our advanced 
experience in this specialised field and stay 
in front of your competition? 

Call for our advice on any problem or design, 
which our team of experts can solve and 
produce by efficient methods. 


BRAYHEAD 
(Ascot) LTD. 


KARATEPI WORKS ~- KENNEL RIDE 
ASCOT- BERKS 


Telephone : Winkfield Row, 427/8 or Ascot 1907/8/9. Telegrams: Brayhead, Ascot 
























NOW AVAILABLE IN 15 SIZES 





NYLATRON GS SPECIAL 
PROPERTIES PROLONG 
WEARING LIFE OF 
WORKING PARTS 


. 
POLYPENCO “Nylatron” GS is one @ 
of the newest compositions available 
to designers. This special nylon I 
formulation results in a product with ” 


proven property advantages. ws . 
Greater Rigidity— Parts have higher modulus of elasticity, show less deformation under load than nylon 66. 


High Heat Distortion Temperature — Nylatron GS parts have higher heat distortion temperatures than standard 

nylon 66. Low Thermal Expansion — Coefficient of thermal expansion is approximately 60% of nylon 66. Low 

Surface Friction— When wear parts must run dry, Nylatron GS parts operate without lubrication. High Wear 

and Abrasion Resistance— Part surfaces resist abrasion and demonstrate long wear in contact with metals. 
SEE US ON STAND Q7094 AT THE “INSTRUMENTS, ELECTRONICS AND AUTOMATION EXHIBITION” 


eC annem: semana crema 18 sin oem 
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a’ 
COT YOUR COSTE (NM HALF 
With the tool rotating 


H vr TO SIX TOOLING STATIONS ‘ENDOMA, TIC’ 
A COMPLETE RANGE OF MODELS 


ae TO MEET ALL PRODUCTION NEEDS 


ENQUIRE NMOW As to just where and how the ‘Endomatic’ 


can cut your production costs 


te COMPLETE ENGINEERING SERVICE AVAILABLE ON YOUR OWN PROBLEMS 


MADE BY: GIDDINGS & LEWIS-FRASER LTD., ARBROATH, SCOTLAND. TEL: ARBROATH 2033. GRAMS: GALFRA 
SOLE AGENTS FOR U.K: SYDNEY G. JONES LTD, 8 BALHAM HILL, LONDON S.W12 TEL: BATTERSEA 3246 FRA S E R 
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The application of “Stellite”’ stainless and abrasion resistant alloy 
to wear points of jigs and fixtures enables accurate component 
location to be maintained for long periods — thus reducing frequent 
replacement of holding equipment. 


Details of the simple methods of applying ‘‘Stellite’’ are described 


STELLITE 
in our publication SP.21 which is available on application 


DELORO STELLITE LIMITED - HIGHLANDS ROAD - SHIRLEY - SOLIHULL - WARWICKSHIRE 
ie PS | DELORO STELLITE DIV. OF DELORO SMELTING & REFINING CO. LTD. BELLEVILLE - ONTARIO - CANADA 


The names “DELORO” and “STELLITE are «registered trode marks 
+s. Kee Fn ae 





AD NO.298 








of smooth running — 


Even load distribution. Maximum permissible 
speed 300,000 r.p.m. 

shaft dia. mm. 
All needles supplied to a tolerance of + 0.00004” 
on diameter. 











CAGE GUIDED 
NEEDLE BEARINGS 


HEAD OFFICE AND FACTORY 
INA NEEDLE BEARINGS LTD 
Dept. A.E. Dafen, Lianelly 

Tel: LLANELLY 2056 and 2681 TELEX: 4816 


é 
Ina Bearings are manufactured in Great Britain, ] 4 
France and Western Germany. % 


@ WRITE FOR YOUR COPY OF THE 
NEW TECHNICAL HANDBOOK 
AND NEW CATALOGUE 








Automobile Engineer, April 1960 























As a result of increased and 


improved methods of 





production of End Fittings for 








Aeroquip 1525 Low Pressure 








Hose, we are able to offer a 
considerable price reduction 
over the whole range of these 


fittings. 


"U 


Yj Yy Yy 


"U, 


W) 


Full detailed information 


Y 


available from:- 


Wy 


Wi ht 


VY 


yy 


S 


— SUPER OIL SEALS & GASKETS LTD. 


LOW PRESSURE LOW COST ¢ 


WY 


Vy 
Y 


FACTORY CENTRE, BIRMINGHAM 30 
Telephone: KINGS NORTON 2061 


WY Yj 
YG 
WWM 
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| OLYMPIA Lo 
LONDON 
June 25-July 8 


( Sundays excepted ) 
9.30 am-6 pm 


Make sure you visit the greatest engineering event 
of the year—The International Machine Tool 
Exhibition . . . No-one concerned with quantity 

| production—whether in technical, administrative or 


operative capacity—can afford to miss this vast and 
truly comprehensive show at Olympia, London. 

It summarizes the best of contemporary production 
techniques ; it shows the shape of things to come! 


Machine Tools 

Engineers’ Small Tools 

Gauges and Measuring Equipment 
Testing Equipment 

Electronic Control Gear 

Presses and Power Hammers 
Woodworking Machinery 

Heat Treatment Plant 


TH ERMOFLOW | Here's _— opportunity to see them all 
Pl S TON with under a single roof—to see many of them 
—the 


the low temperature | 
. belt the world’s best-informed production experts. 
ring 


Specify 
Speciallloid Machine Tool 
-Ye wise 16 slandavaize Exhibition 1960 


SPECIALLOID LTD = Organized by The Machine Tool Trades Association, 
BLACK BULL STREET, LEEDS, 10 


Telephone: LEEDS 31471/7. Telegrams: SPECIALOID, TELEX, LEEDS. Telex No. 55-108 





powered and in operation—to discuss their 
application to your own production problems with 





International 


Brettenham House, Lancaster Place, London, W.C.2. 
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for POWDER METALLURGY 


We are specialists in the manufacture of self-lubricating 

bearings and engineering components by the Powder Metallurgy 
process. Since 1922 our contact with every type of industry 

has brought us a knowledge and experience which enables us to 
offer a service to our customers which is second to none. 

If you have a specific problem regarding the use of sintered 
components our technical and design departments are at your servic 


FERROCITE SINTERED JRON 
BEARINGS. Analternative t lid 
hronze, cast steel and other crit 
materials. Ensure raj 
installation and lasting 


free operation 


r } 
rou 


? ) 4 L” £ 
ROCITE. SINTERED LUBROOK POROUS BRONZE 
METAL PARTS. Con BEARINGS. Of strong, uniform 

é , 1p s ta clom bronze structure, providing a con- 
plerane es in materials tinuous body of miscros opic pores 
iit a wide range of ; which hold from 25% to 35% lub- 
plications. Impreqna ricant by volume. 
for self-lubrication 


n 
ple 
’ 


POLYSLIP P.T.F.E IMP REG- 
NATED BRONZE BEARINGS. For 
pecial applications where fluid 
lubrication is not permissible these 
hearings afford dry-film lubrication 
vith a low coefficient of friction 


INTERED BRASS PARTS 
h electrical conductivity 

hined with ercellent 
ichining properties make 


BROOK BRONZI Hi 
2S. These are produced fron 
tal powders of closely gq} 

1 ize to give a s material particularly 
cture of uniform useful in lectrical and 
dimensions With ercellent . tronic applications. 
resistance to impact they are 
readily cleaned and can be used 
indefinitely. Available in siz grades 

in many shapes and sizes. 


y 
d 
” 


BOUND BROOK BEARINGS LIMITED 
TRENT VALLEY TRADING ESTATE, LICHFIELD, STAFFS 


Telephone : Lichfield 2027-2028 Grams: Boundless, Lichfield 


Tit 


Member of the Birtield Group 
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VATAYII ITY Ms) On WAGON ADD) 
Wallows Lane-Walsall . Staffs. cpm “Aeco-watsai 





ENGINEERING AND 
TECHNICAL FACILITIES 
TO ENSURE QUALITY 

AND CONTROL AND TO 
PROVIDE SERVICE ON 


CASTING DESIGN AND Cc B S rv ITH 
METALLURGICAL CONTROL TECHNICAL MATTERS & 
HIGH DUTY GREY IRON LI rv IT E D 


HIGH STRENGTH & GOOD STRUCTURE 


WEAR RESISTANCE IRONFOUNDERS 
WITH FREE MACHINEABILITY wo AY, 3 R H AM PTO N 





SAND CONTROL 
DIMENSIONAL ACCURACY 
SMOOTH FINISH 


QUANTITY PRODUCTION 
CAPACITY 


SERVICE 
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...aS sound as a Gloucester casting! 


Ly 


** As sound as a Gloucester Malleable casting” is no mere phrase. 

It is the result of a wealth of traditional skill and technical knowledge at 
every stage of production. Raw materials, melting and pouring processes, 
sand practice, moulding and core making, fettling and setting, all are 
exactly controlled to ensure castings that will measure up to to-day’s 
exact engineering needs. 

They are also accurately set under modern presses, using dies made 

to the limits required, to ensure that castings can be machined 

without costly delays. 

Always consult Gloucester at the designing stage — even before. 


A typical Gloucester Malleable specification 




















r= THE HOME OF 
GLOUvGESTER GOOD CASTINGS 


Gloucester Foundry Ltd., Emlyn Works, Gloucester - Telephone: Gloucester 237041 
(A subsidiary of the Gloucester Railway Carriage & Wagon Co. Ltd. 
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Gloucester Gloucester Lamellar 
Blackheart Malleable Pearlitic Malleable 
Elongation oe 18% Elongation o. 5% 
Yield Point -. 12 tons Yield Point -. 24 tons ioe ae 
Tensile Strength 25 tons psi Tensile Strength 35 tons psi COOL STER . 
‘ . 


th 


4 


Differential Cage in 
Malleable Iron. Weight 8h lbs. 





Vehicle Steering Box 


in Malleable Iron. Weight 63 Ibs. 


Telegrams : ‘ Pulleys’ Gloucester 
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Now even closer 
tolerances on Habershon 
cold-rolled strip 


New, fully-automatic electronically 


controlled plant in operation at 


Holmes Mills 


Now you can depend even more on the traditional 


‘quality in quantity of Habershon steel strip. 


Faster production: micro-measurements more con- 
sistent than ever before: tolerances even closer than 
those required by the strictest specification—all 
this is made possible at Habershons by the 


recent installation of completely automatic plant. 


Progress is our greatest product 


Habershon 


STEEL STRIP AND SHEET 


J. J. HABERSHON & SONS LIMITED, ROTHERHAM 
Telephone : 2081 (6 lines) 


LONDON : Enterprise Works, Ange! Road. Edmonton, N.18 
Telephone : Edmonton 5081 


BIRMINGHAM : Daimler House, Paradise Street, Birmingham, |! 
Telephone : Midland 1966 








All the evidence... 


.. of laboratory investigations, confirmed by 
many years’ experience in service, shows that 
anti-freeze containing sodium benzoate sodium 
nitrite corrosion inhibitor is the SAFEST and 
most effective FOR ALL TYPES OF VEHICLES. 

Wise Counsel recommends year round use of 
sodium benzoate/nitrite inhibited anti-freeze. 
The best brands contain 


= 
or 
Sodium Benzoate 


W. J. BUSH & CO. LTD - LONDON E.8 - ENGLAND 
Telephone : CLissold 1234 
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We are specialists in the manufacture of precision 

and standard fasteners for the Motor Industry 

NEWALLOY - Wheel Bolts, Wheel Studs. 

NEWALLASTIC - Cylinder Head Studs and Bolts, 
Connecting Rod Bolts, etc. 

NEWALLEX Induction hardened Spring Shackle 
Pins and Bolts. 

Standard bolts and nuts supplied in “R”, “T”, 

and “V” quality, and other Alloy Steels. SENS 


Group of typical components, 
as supplied to the leading 
motor car manufacturers. 


“ Oe ee 5 6 ee Meat na 
i> ee se oe 
bog : eS ea cs 
: : . 


; 20 Sere eet NE Tm, NT EM oe Semen 
OMPANY LIMITED 
> eae: Sine 


GRE ERY 
x % Rees S 


—e “GLASGOW 
: ao * sei Eo hg he Ne se yg ee 
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MULTIPLE DRILL HEADS 


" 
pact In DESIG 
x OOhg ADJUSTABLE 


R 
* FIRED Ot HISTANCES 


Hey Multiple Spindle Drill Heads convert 
Standard Drilling and Boring Machines to High 
Production Machines permitting drilling of all 
holes in a component simultaneously, with 
production rates equal to those obtainable on 
expensive special purpose machines. 

Compact design reduces to a minimum, distance 
from drill head to machine spindle, whilst careful 
selection of material ensures an extremely efficient 
light weight head. 

Heads are available with any number of spindles, 
covering a wide range of sizes 
MAXIMUM PRODUCTION ON DRILLING, REAMING, 
TAPPING AND SPOT 
FACING OPERATIONS 














We also manufacture Rotary 
Cam and Profile Milling 


ENGINEERING CO LTD Machines, Short Thread Milling 
. fm Machines, Gear Tooth Rounding 

T Machines, Tapping Machines, 
COVEN RY -puone: coventry ltt End Facing and Centring 
Machines, Special Machine 
Tools for High Production. 








NRP "S06 


the embodiment 
of this scientific age 


Heli-Coi! Screw Thread 
ie 1ds that they use 









ert Forward-looking engineers are embodying 
. Inserts in their designs because co 





only today’s most advanced and successful 
The Heli-Coil method of screw thread enginee J can ir prove products 
sis in almost an infinity of ways. It can make jramatic cuts in time and 
labour costs. 
The Heli-Coil Insert is ideal for automation. 
Why not have all the information in front of you — ask 
Sales Leaflet APL 48/E 2 


7 ra 


bs 


Your nezvest 


it 
i 


\AVAAAAAA 


design... 18 11 


Wide 


quite up to date ? 


\\ 


\( 





*HELI-COIL is o registered trade mark 


Write for more data on HELI-COIL inserts to ARMSTRONG PATENTS CO. LTO. EASTGATE, BEVERLEY, YORKS. 
Tel: Beverley 82212 (6 lines) 
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Since 1951 Jaguar cars have used Salisbury differential 

units exclusively. In this period they have won over 80 major 
International races and rallies as well as hundreds of minor 
successes. In all these competition events not one 

Salisbury differential has ever failed. Every one has been 


standard design as used in production Cars. 


SAlthur 





[f~ 


Member of the 


itt 


Birtieid Group 








TRANSMISSION LIMITED 


BIRCH ROAD: WITTON BIRMINGHAM: 6 
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With over 100 years experience behind them 
Richard Berry answers the call for high speed 
and comfort, with their new road spring factory. 
These easy riding springs, made by skilled craftsmen 
are made to endure the worst road conditions 


in Britain and all parts of the world. 


Write for a copy of “Leaf Spring Design’’ by Alan Hodgson. 





Richard Berry & Son. 


Birmingham Rd., West Bromwich, Staffs. 
Telephone: West Bromwich 1766/7/8. 


ONE OF THE BROCKHOUSE COMPANIES 
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JUDGE FOR YOURSELF 


THE FACTS 


The facts, My Lord, are brief but significant ! 
terings are accurate to half a thousandth cf an inch, can show 


S.M.C. Sin- 


a saving of over 40°, in comparison with conventionally 


cast and machined parts, and, 
24” « 24”, can be produced in shapes of unrivalled com- 
Furthermore, they can be produced from metals not 


within a size limit of 


plexity 
normally used in castings, and, the more you require, the 
Finally, My Lord, and at the risk of 


incensing the opposition, may I say that $.M.¢ 


more you save 
Sinterings 


eliminate capital outlay on new lathes, autocapstans and 


other machinery 


THE EVIDENCE 


Members of the Jury, it is essential that, before giving your 
decision, you should appreciate the widespread fame of 
S.M.C. Sinterings. Let it suffice to say that they are being 
used in ever-growing quantities by an ever-increasing number 
S.M.C. Components 


are used in all types of products from Motor Cars to Toys 


of today’s most important industries 


and evidence can be produced, if required, proving that 
savings have, in some cases, been considerably higher than 
40 To consolidate a foregone conclusion, you are offered 
a visit to Chard where the virtues of S.M.C. Sinterings can 


There, My Lord, the matter rests 


be fully appreciated 
Members of the Jury 


The Verdict is yours . 


an * 








INTERRED 











ETAL 
rents 
(CHARD) Ltd 








SOMERSET 


Industries 


CHARD 


A Member of the 


BODEN WORKS 
Chard 3212 


Sterling Group 


SPECIFICATION 
J.W. Ad 4807A 


PRODUCED TO B.S. 


Sm C COMPONENTS ARE 
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GRANKOHAFTD 


INDUCTION OR NITRIDE HARDENED 


oe, 
Oe ae 







All-modern plant with quantity 


production capacity available for 





fully machined crankshafts 


A member of the Guest, Keen & Nettlefolds Group of Companies 





COMPANY LTD., PRECISION & GENERAL ENGINEERS 











ALDRIDGE, STAFFS TELEPHONE : WALSALL 6551/9 
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NE 
CONTINUOUS 
_ CAST 


Phosphor 
‘| Bronze Rods 


| 


| from }" solid to 4” solid or cored 

Also Centrifugal Cast and Chill Cast 

Range of sizes from 4” solid to 114" cored 

* 100°. fault free * Super finish and quality 
% Any length upto 6 ft. | %& Dimensional accuracy 


| 
Send today for full details 


SMELTING CO. LTD. 


Also makers of TANDEM WHITE METALS 
@& ESCO GUN METAL INGOTS, etc 





first-class prints with TUR- 
QUOISE pencils. Extra- 
smooth TURQUOISE 
pencils actually ease your 
work! TURQUOISE lead | 
lasts longer for every shar- 
pening. Holds a_ needle | 
point under great pressure 
It’s made from 100% elec- 
tronic graphite to give 
denser, more opaque lines 
for cleaner, sharper repro- | 
| 
| 





ductions. Lines rub out 
without a trace if required. 
No omissions, no fade-outs, 
no ‘ghost’ lines on your 
prints! 17 precise gradings 
from 9H to 6B 

ALSO AVAILABLE ! 
Turquoise drawing 
leads 2B to 6H 


URQUOISE MITRE Precision Drop Forgings are preferred by leaders in 


the Automobile Industry. 


H & 
96 sect pencils A. J. VAUGHAN & CO, (witre works) LTD. 
Wolverhampton Road, WILLENHALL, Staffs. Phone: 486/7 





8/3 per dozen 





EAGLE PENCIL COMPANY, ASHLEY ROAD, TOTTENHAM N.17 
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MAIN and BIG END BEARINGS 


CHOSEN FOR THE M1. DUALLOYS Main and Big End 
Bearings are fitted exclusively not only to the engines of 
the famous Midland Red ““Motorway Express” Coaches, 
which average 60 mph (top speed 85 mph) on the MI, 
but to all Midland Red engines now being built. 


CHOSEN BY MANY OTHER LEADING FIRMS for original equip- 

ment at home and abroad, including: 

Bristol Commercial Vehicles Ltd.—Coventry Victor Motor 

Co. Ltd.—Davey, Paxman and Co. Ltd.—Dennis Bros 
The turbo-charged “CMS” Ltd.—Enfield Industrial Engines Ltd.—The English Electric 
Midland Red engine Co. Ltd.—Fodens Ltd.—Pelapone Engines Ltd.—F. Perkins 

Ltd.—Transport Equipment (Thornycroft) Ltd. 


DUALLOYS BEARINGS FOR ALLINTERNAL COMBUSTION 

APPLICATIONS to every specification. Dualloys thin wall DUALLOYS UNIQUE CASTING PROCESS prevents all lead 
bearings can now be supplied as original equipment segregation and copper hardening 

Dualloys thick wall white metal lined, and copper-lead and 
lead-bronze lined bearings are already being used as original 
equipment on many petrol and diesel engined public service 
and road transport vehicles. Our capacity is planned to 
enable us to handle economically both large and small 
production requirements 


STRICT METALLURGICAL CONTROL and Laboratory super- 
vision ensure the highest standards of accuracy and work- 
manship for all DUALLOYS Main and Big End Bearings 





‘.\ 
MS THE PLAIN BEARING SPECIALISTS 


yy a 


4 Member of the Sterling Industries Group 
Dualloys Technicians are always readily available to solve 


uur Plain Bearing problems. Write for advice and quotations without obligation to 
DUALLOYS LIMITED, DEPT.A, BODEN WORKS, CHARD, SOMERSET Telephone: Chard 2341/3 


JW. Ad 4794 


Automobile Engineer, April 1960 109 





i! 


NO PROBLEMS WHERE 


THE BRITISH 


WIRE THREAD INSERT 


A precision product which is the answer 
to your thread problems. The Cross wire 
thread insert is made in high carbon steel, 
hardened and tempered. These inserts 
are simple, accurate and effective. For 


CROSS MANUFACTURING CO. 
(1938) LTD., BATH, SOM. 
Phone: COMBE DOWN 2355 8 


Self-adhesive Urethane Foam 


REDUCE COSTS and 
SPEED PRODUCTION 


Tesamoll is a new synthetic material with unique features. Its 
interconnected cellular construction compresses easily and 
has a constant, gentle push-back. It is rapidly replacing foam 
rubber and felt as well as giving results not always possible 
with traditional materials 

IN ELECTRONICS. Tesamoll has many uses in this 
modern sphere to mount instruments, cushion, pack, eliminate 
vibration and seal against dust. 

ENGINEERING. Tesamoll can be used as gaskets for powder 
chambers, io seal against dust, to mount small components, to 
reduce chatter and vibration and noise 


RADIO AND TELEVISION. Tesamoll is invaluable because 
of its unique electrical, acoustical and dust sealing qualities. It 
is ideal for sealing T.V. tubes because it is electrostatically 
negative and tends to repel dust and other air or gas borne 
particles. 


SAVE TIME. Tesamoll has a powerful pressure-sensitive 
adhesive which adheres firmly and instantly to any dry, clean 
surface. Self-adhesive Tesamoll saves many man-hours, is 
clean and quick to use and efficient in operation. = 


: Send for 
TESAMOLL. Can help you | Technical 
too. Tell us your problem, booklet 
we may well have the | 
answer Please ask for | siving full details of 
4d ‘ the physical, acoustic, 
samples for testing. electrical and chemical 
| characteristics together 
with the range of 
| thicknesses, widths and 
| prices from 


SEALDRAUGHT LTD., 
Chandos House, Buckingham Gate, 
London, S.W.1. Tel. ABBey 3571/2. 


ferrous applications they are available in 
stainless steel (not recommended for use 
with light metals) and in bronze for non- 
magnetic service. Send for full partic- 
ulars. 

B.S.F., metric, B.S.P., B.A., Whitworth, 
Unified etc., etc 


Grams: ‘CIRCLE’ BATH 





Time-saving methods for 
repetitive and 
complicated calculations 


NS AN 


-ABACS or Nomograms 


By A. Giel translated from the French by H. D. Phippen 
and |. W. Head 


Not only demonstrates the many and varied applications of the 
Abac or Nomogram, but shows how even those without highly 
specialised mathematical knowledge may construct their own 
charts. It deals with both Cartesian abacs and alignment charts 
and contains a large number of practical examples in mechanics, 
physics and electrical engineering. This edition has been specially 
adapted for English readers. 
83?” x 54” 235 pp. 152 Illustrations. 35s. net. By post 36s. 


A book for engineers, designers and physicists 


from leading booksellers 


lliffe & Sons Ltd., Dorset House, Stamford Street, London, S.E.1 
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Fundamentally ~ 


Research... 


This is the third in a series of advertisements at fundamental and development levels, provides both a sound 


describing some of the factors which combine basis and meticulous standards for the production processes 
to give Hepolite products their superior 


+ : : employed at Hepworth & Grandage factories. Research 
qualities. The picture was taken in the ears , . 
research laboratories at the Bradford factory guarantees that, scientifically and technologically, the quality of 
of Hepworth & Grandage Limited. — , Hepolite pistons, gudgeon pins, piston rings and cylinder liners 

is as high as it can be. Hepolite deserves your confidence. 


Hepolite engine components are fitted as standard equipment in 
most British cars, and the range of these items available from 
Hepworth & Grandage Ltd., is the most comprehensive in the 
world. Please write for details to Dept D. 


PISTONS + PINS « RINGS - LINERS 


the first law of engine economics 
HEPWORTH & GRANDAGE LIMITED, BRADFORD 4, ENGLAND 
Telephone : 29595. 


T8932 
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Constructors of 'fridges 
erectors of bridges 
makers of hydraulic cranes 


assemblers of motors 
creators of rotors 
builders of sleek diesel trains 


designers of cars 
and rockets for Mars 
fitters of Delta-wing planes 


drop-forgers of axles 
and layers of tracks’ll 
tell you H.T. bolts take all the strains. 


Lanarkshire High Tensile bolts are finding their 
way into an expanding range of machines 
and constructions. And not only the heavy-duty 

stuff. Even on unstressed fabrications 
manufacturers are finding that it pays to 

anticipate the unforeseen by relying on the 
extra strength of Lanarkshire H.T. bolts. 

In Carbon and Alloy Steels, Lanarkshire make 
H.T. bolts in 45/55 (R), 55/65 (T), and 

65/75 (V) grades, in BS. 1083, 
Whitworth and Fine Threads, and in 

BS. 1768, Fine and Coarse threads. 


BUYERS. Please ask to be mailed our FREE stock list 
issued monthly. 


OTT TTT 


LANARKSHIRE 


Oi .f ‘4 TED 


HAMILTON, LANARKSHIRE, SCOTLAND. Tel. HAMILTON 1241-4 | 
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MARSTON 
RADIATORS 


in copper and light alloy 
for the automobile 
laren lige etiam ialeliiaa las 


* REPLACEMENT 
BLOCKS 


* FIRST CLASS 
REPAIR SERVICE 



























































MARSTON EXCELSIOR LTD. 


(A subsidiary company of Imperial Chemical Industries Limited 


Dept. P.16, 
49/59 Armley Road, Leeds, England. Tel: Leeds 3-7351 


Sb 


the 
experienced 
multi- drilling 
specialists 


Slack & Parr manufacture the 
widest range of multi-heads for 
drilling, tapping, reaming, spot- 
facing, mulling spin-riveting— 
ranging from ¥y in. diameter 
holes at $j in. centres to multi- 
heads 5 ft. square 

Whether you require adjustable 
centre heads for small batch 
production or fixed centre heads 
for larger quantities, the S.P.K 
range will meet your require- 
ments For any small component 
a complete set-up can be supplied 
using the S.P.K. hydro-pneumatic 
machine. For larger components, 
multi-heads can be supplied with 
jigs ready for production on the 
customer's drilling machine. Years 
of practical experience have ied 
to a large degree of standardisa- 
tion never before attained on 
“multi-drilling’’ equipment 


Tell us your production problems 
—they may not be problems to us 


SLACK & PARR LIMITED 


i OR es ee) ee On 


Telephone: Kegworth 306 
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British 

Industry 

specifies 
FALKS 


illand Propellers Ltd 


George R. Clay, AMA.E£ Electrica M. G. Bailey (North West) Limited 


Lighting Installation in a factory built for De Hav 
Munro & Partners Consulting Engineers 


Contractor 


Architect & Engineers 
FALKS, the long-established lighting 


A FREE LIGHTING SERVICE sccasediiaietinadictina idaniieccibiiiain 


Our expert lighting engineers based in all principal cities of the OF ah types oF Ritings 

U.K., will without obligation, advise you on any lighting problem 

large or small and prepare lighting plans for your approval 

Write for Industrial Lighting Catalogue F pA | K : 


FALK. STADELMANN & 


PLANNED, EFFICIENT LIGHTING saves money al! along the line 


STREET, PARK LANE, W.1. MAYfair 5671/2 
4P 128 


91 FARRINGDON ROAD, LONDON €.C.1. HOLborn 7654. London Showrooms: 20/22 MOUNT 
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eed] BRAKES 


E.300 EXHAUSTER 








FLAT THINGS é 
Moved BY/ 14} 
Arise 


Maatc Eve 
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80H r MING 

Fincens - gon,* J 
noes or For 
LIGHT FOR MAGIC : 
EYE To |SeE win @ Very high efficiency @_ self-contained 


SQy 4 


300 cu. ft. per hour @ low price @ other sizes available 


Vacuum Power Brake equipment for all 
types of vehicles. 


Press shop personnel 

prefer ---Uaal. Pty | FEENY & JOHNSON LTD 
we were getting quite 134/136 EALING ROAD, WEMBLEY, MIDDLESEX 
alliterative. Still, you | Telephone: Wembley 4801/2 Telegrams: Feejohn, Wembley 
can’t leave Udal out | DHB/7462A 

of any discussion on | ——__———— ee a 


sehen Specialists in 


Wesimply devour prob- 
lems of mechanisation 
and efficiency—big or 
FLAT THINGS small. Grabbing the 
BECOME BENT nearest stumbling block 
we proceed to turn it 
into a paragon of utility. 
WHIP PEDOUT BY) We Udialise it (ha!) 


UDALISER NOD 
i Taking a bold step for- 


a” ward with both feet 
WHICH ARE PUT firmly on the ground is 
only one example from 
pte oh ag our repertoire of auto- 
mative acrobatics. Why 
BY MANY UDALISER ¢ © © not call us in and see 
what we can do in your 

factory? 

















Wars ($ 
+. 2 | po 
Wdalisation | = 
ite 

STRAIGHT 
LENGTHS 

FROM 

4 TO 

3 BORE 


CATALOGUE & PRICES ON APPLICATION 


HerMETIC RUBBER CO. LTD. 


J. P. Udal Ltd., Interlock Works, Court Road, =| wwermetic™ WORKS - PRIORY ROAD - BIRMINGHAM 6 
Birmingham 12. Cal: 3114/6 PHONE - EAST 3638/9 Established 1895 GRAMS - HERMETIC, BIRMINGHAM 
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This is 
@ Tecalemit 
Isnt it? 


TrcaLemitT—usricaTion, of course. You see the 
Tecalemit target and arrow sign and take the car 
in for lubrication service. Grease pumps, pipes, 
lifts, oil dispensers, air compressors—everything’s 
Tecalemit, right down to the grease nipples. 

So it’s simple: Tecalemit stands for Lubrication. 


But Tecailemit stands for fiitration 

In spite of high compressions, greater loadings 
and higher speeds, modern car engine bearings can 
tolerate almost anything—anything except 

foreign bodies in their oil. Thus the Tec-element 
an oil filter element of astonishing efficiency. 
Most leading British engine manufacturers fit 
Tecalemit oil filters and so recommend 
Tec-elements as replacements. Sound advice! 


But Tecaliemit make precision nylon piping too 
Nylon piping for automotive uses was once merely 
a Good Idea. If only you could use it, it would be 
cheap, vibration resistant, strong, supple, 
chemically inert and so on. But how could it be 
produced to precision limits? Tecalemit found 

the answer—a resounding and exclusive technical 
triumph. Nowadays such great names as Austin, 


Aston-Martin, Ford, Jaguar and Rover use a 
great deal of Tecalemit extruded nylon piping 

for fuel lines and vent pipes. 

But Tecaiemit are famous for oll firing 

Oil firing: it takes you out of the automotive field 
and into the brickworks and kilns. Much tidier 
brickworks, of course: no heaps of coal and slag. 
Just pipe runs, control panels, high efficiency and 
low cost. Oil firing is becoming a major indusiry 
in itself—and Tecalemit one of its most 
prominent names. 

But Tecaiemit make a thousand other things 
Grease guns, power pumps, hose reels, lifts, 
sprayers, washing units... automatic and 
multiple lubricating systems for machinery and 
vehicle chassis .. . air cleaners, breathers and 
ribbon elements (finest air filtration at lowest 
cost)...in fact,an amazing number of things that 
help keep industrial and automotive machinery 
washed, pressured, connected, controlled, raised, 
lowered, filtered. 

Oh yes—and lubricated. For of course Tecalemit 
stands for lubrication. 


the Authority on Lubrication 


Tecalemit Limited 


- Plymouth - Devon 
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Commer TS3 front installation 


The Proved Method 
of Composite Springing 


with 
AEON 
HOLLOW RUBBER SPRINGS 


Provides a smooth variable suspension rate at low cost - 
Improved vehicle ride - Reduced spring breakage - No 
maintenance - Easy installation - Replaces conven- 
tional Helper springs. 
AS USED BY: 
oS Manufacturers; Atkinson Vehicles Ltd 
? R Brockhouse Ltd - Carrimore Six-Wheelers 
‘ Ltd Douglas Equipment Ltd Eagle 
a“ Engineering Co. Ltd - E.R.F. Ltd - Fodens 
Ltd Herbert Lomas Ltd Scammell 
Lorries Ltd 


Fleet Owners: Barton Transport Ltd 
Bradford City Transport Hovis Ltd 
Huddersfield Joint Omnibus Committee - 
L.C.C. Ambulances - North Thames Gas 
Board - Shell International Petroleum Co 





Special Kits available for. 
Albion - Bedford - B.M.C. - Commer - 
Dodge - Ford - Land-Rover - Leyland 








Write or phone now for details : 

AEON PRODUCTS (LONDON) LTD 

665 FINGHLEY ROAD, LONDON, N.W.2 
Telephone: HAMpstead 9072 





| 


There is nothing to equal 
the LEAD acid battery for 
reliability and economy 


Joo ahead wit LEAD 


... and for quality in bearings 


The technical officers of the Association arc always 


glad to give individual assistance 
LEAD DEVELOPMENT ASSOCIATION, 18 Adam Street, London, W.C.2 


Telephone: WHitehall 4175 Telegran Leadevep, Rand. London 


LDA2-60 
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The Wise dell per efollowce 


London Office and Stock 
6/9 Red Lion Market, Whitecross Street, Lond £.C.1. 7 


Birmingham Office and Stock 

81 Headingley Road, Handsworth, Birminghan 
Manchester Office and Stock 

177 Dickenson Road, Manchester, 13 


Scottish Agent and Stockist 
John Warden, 50 Wellington Street, Glasgow, C.2 
Tel. City 6994 (2 lines) Grams: Precise, Glasgow 


THE INTERNATIONAL TWIST DRILL CO. LTD. INTAL WORKS, WATERY STREET, SHEFFIELD 3 


Telephone : 23072 (3 lines) Grams: “Fluted, Sheffield” 
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CLASSIFIED ADVERTISEMENTS 


RATE 4d. word, minimum 4/-. Each 
par ged separately. Box number 


than first post 27th April. No responsibility 
accepted for crrors. 





BUSINESS OPPORTUNITIES 
PRODUCTION Control at your fingertips. You 
can get accurate, instantaneous production 
information from your works using our electro- 
mechanical system; priced on economic cost level 
Enquiries to Box No. 8274, c/o Automobile 
Engineer ($732 





IN ANCIENT 


ROME 
oa 


meant 1150 


IN MODERN 
INDUSTRY 


means 
quantity 

produced 
precision 
parts— 

in any 


VRC 012! 


M.C.L. & REPETITION LTD. 
POOL LANE - LANGLEY - BIRMINGHAM 


Telephone: Broadwell 1115 (4 lines) and 1757 





PATENTS 

i RITISH Patents 701963, 
Hydraulically Operated 

Internal Combustion Engines, 

or otherwise to ensure commercial 
Production development completed 

Box No. 8257, c/o Automobile Engineer 


SITUATIONS VACANT 
PPLICATIONS are invited for Senior and 


707131, concerning 
Poppet Valves for 

ered for licence 
working 
Enquiries, 
(8729 


TUITION 
M.IL.M.I, City & Guilds, A.M.I.Mech.E., 
etc., on ““No-Pass-No-Fee” terms. Over 95% 
successes. For details of Exams and Courses in 
all branches of Auto, Diesel, Aero, Mechanical 
Eng., etc., write for 148-page Handbook—Free 
B.L.E.T. (Dept. 643), 29 Wright’s Lane, London, 
ws [S672 





Junior Draughtsmen vacancies in our Engin- 
eering Department. 
Ke XCELLENT working Staff 
4 Pension Scheme 
PLEASE apply in writing, giving full details 
of experience, to the Chief Draughtsman, 
Commer Cars Ltd., Luton, Beds [5730 
PATENT Examiners and Patent Officers 
Pensionable posts for men or women for 
work on the examination of Patent applications 
Age at least 21 and under 29 (36 for Examiners), 
with extension for regular Forces Service and 
Overseas Civil Service. Qualifications: normally 
first or second class honours degree in physics, 
chemistry, enginecring or mathematics, or equiva- 
lent attainment, or professional qualification, 
eg. AMILCE. A.M IMech.E., A.M.1LE.E 
A.R.LC London salary (men) £655—-£1,460; 
provision for starting pay above minimum. Pro- 
motion prospects. Write Civil Service Commis- 
sion, 17 North Audley Street, London, W.1, for 
application form, quoting S 128/60, and stating 
date of birth. 5731 
N ANUFACTURER in_ Southern’ England 
+ producing precision components for the 
motor trade requires design and detail Draughts- 
men; O.N.C. or H.N.C. preferred. Write, stating 
age, experience and present salary—-Box No. 8298, 
c/o Automobile Engineer [5733 


conditions 


For all 

types of \ 
BOLTS, NUTS. 
SCREWS & 
STUDS... 


CONTACT 


(Genet Ips os 





ALTRINCHAM ST,, MANCHESTER J. 


LONDON W. Kelway-Bamber & Co. Ltd. 
Room 7, 70, Victoria Street, London, S.W.1. 
Tel: Abbey 6860. . AST Fasteners Ltd., 
2, Hall Street, Barnar stile. Co. Durham. 


Tel Barnard Castle 3143 








dm SM 46 








Worcestershire Education Committee 


COLLEGE OF FURTHER EDUCATION, 
BROMSGROVE 


AUTOMOBILE 
ENGINEERING COURSE 


Applications are invited for admission to 
the above three-year course, commencing 
in September, 1960 

The course gives a sound theoretical and 


practical training in the technical, commer- 
cial and managerial branches of the manu- 


FORK-LIFT 
TRUCKS 
FOR HIRE 


W C YOUNGMAN LIMITED 
WANDSWORTH WORKS 
WANDSWORTH ROAD SW8 
Telephone: MACaulay 2233 














facturing, retail and distributive sides of 
the automobile industry, and covers the 
Associate Membership requirements of The 
Institute of the Motor Industry 


con 
etc., 


details of 
content, 


A pamphlet giving full 
ditions of entry course 
together with an application form, may be 
obtained upon application to the Principal, 
College of Further Education, Bromsgrove 
Worcestershire. (X.141 














COTTON BAGS 


FOR SPARE PARTS, Etc. 
Walter H. Feltham & Son Ltd 


Imperial Works, Tower Bridge Road 
Telephone: HOP 1784 LONDON, SE.1 








projects involving 
anisms to car bodies 


Body 
Layout 
Draughtsmen 


are required for Research and Development 
the application of mech- 


Cost 


Apart from Drawing 


Accounting 


and the Engineer 


By KENNETH B. MITCHELL, a.c.w.a., AFF.1.W.M. 


This book sets out to explain cost accounting and how it operates 


to the engineer on the shop floor. The approach is simple 
and direct, the reader being shown in a practical manner how 
modern cost accounting influences every department. Special 
attention is given to problems of budgeting and budgetary control. 


8i” « SE”. 10s. 6d. net. By post lls. 4d 
Obtainable from leading booksellers. Published by:— 


Office procedures, the work includes super 
vision of prototype body modifications and installa 
tion of mechanisms Development commitments 
have international scope and, therefore, Applicants 
should be prepared to make occasional journeys to 

the Continent. Working conditions are excellent and transport is available 
to and from the Laboratories. Posts carry monthly staff status, com- 
petitive salaries, Staff Pension Scheme, etc Applications stating 
qualifications, age and experience will be treated with strict confidence 
and should be addressed to:—Chief Development Engineer, Wilmot 
Breeden Laboratories, Umberslade Park, Solihull, Warwickshire 


WILMOT BREEDEN LABORATORIES 


126 pp. Illustrated. 


lliffe & Sons Ltd., Dorset House, Stamford Street, London, $.E.1 

















SHEET METAL MACHINERY, MACHINE TOOLS, PRESSES, PLASTICS & WOODWORKING MACHINES 


New and used — many of each EX STOCK —for cash or monthly account, 
hire purchase or by the FJ E Machine Hire Plan. 
May we tell you more ? 


FS Edwards Ifd 


and Lansdowne House 
41 Water St.. Birmingham 3 
CENtcral 7606-8 


EDWARDS HOUSE 
359-361 EUSTON RD.. LONDON. N.W.14 
Phones. EUSton 4681 & 3771 
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FULLER HORSEY 


SONS & CASSELL 
10, LLOYDS AVENUE: LONDON -E.C.3. Phone ROYAL 486! 
































Whatever your fastening problem, 
Wiley can make a bolt for it—and 
a nut too—ask them ! 


JAMES WILEY & SONS LIMITED, DARLASTON, STAFFS. Telephone: james Bridge 2692. 





-. 
reliaoty 


For all general purposes Amal ball joints are the best 
you can buy. The type 81 (illustrated) has Micrometer 
adjustment for wear or play; is instantly detachable 
without tools; Self-locking; Without spring pressure 


on head making for easy movement without play. 
Brass body, steel headed pin. © UNIVERSALLY APPROVED 
BY LEADING AUTHORITIES 


MI [a\ ON ENGINEERING 
BALL AND ROLLER JOINTS 


Write today for full details of sizes, standard or non-standard. 


AMAL LTD. - HOLDFORD ROAD - WITTON - BIRMINGHAM 6 .- Tel: BIRCHFIELDS 4571 
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Clayton Dewandre Automatic Chassis Lubricators 
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AUTOMOBILE 
ENGINEER 


Don’t ““SCRABBLE” around for your steel stocks—go in for 
CASHMORISATION and make sure that you are getting the 
best available STEEL from STOCK SERVICE 

® comprehensive stocks 

® quick deliveries 


@ rapid contact through TELEX 


CASHMORISATION is AUTOMATION in STEEL from STOCK. 


Accredited Steel 
Sheet Company 


Stockholders of Wales 
of the \ G) Limited 


JOHN CASHMORE LIMITED 


GREAT BRIDGE NEWPORT 


TIPTON - STAFFS MON. 
Tei: TiPton 2181/7 Telex: 33169 Tel: 669416 Telex: 49248 


LONDON OFFICE: 75 Victoria Street, London, $.W./ 
Telephone: ABBey 4556 7/8 


Scrabbleis a Registered 
Trade Mark and 

appears by permission of 
J. W. Spear & Sons Ltd., 
Enfield, Middlesex 


SHEETS 
ANGLES 
BARS 
PLATES 
JOrsTs 


STRIP 


BRIGHT 
DRAWN 


BARS 


STAINLESS 
BARS 


AND SHEETS 


APRIL 1960 





